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ABSTRACT

Characterization of Factors Involved in Pathogenicity of
Erwinia carotovora subsp. caroiovora
May 1988
Franzine D. Smith, B.S., University of Vermont
M.S., University of New Hampshire
Ph.D., University of Massachusetts
Directed by: Professor Mark S. Mount

Erwinia carotovora subsp. carotovora (Ecc) strain EC 14 was subjected to
transposon (Tn5) mutagenesis and the resultant mutants were screened on enzyme
detection medium for production of pectolytic enzymes, cellulase, protease,
phospholipase and DNase. Out of 6,637 mutants tested 36 showed changes in one or
more enzyme activities. Two mutants were completely deficient in either DNase or
protease activity. When maceration produced by the protease deficient mutant was
compared to maceration of the wild type on potato slices, Ecc strain EC14 prt produced
6% less macerated tissue, but this difference was not significant above P=0.50. One
major extracellular protease was isolated from Ecc strain EC14 using DEAE (DE53)
cellulose column chromatography and isoelectric focusing. The extracellular protease had
a pi = 4.95, a molecular weight of 53,000 and its optimum pH for activity was 7. Using
a cAMP deficient mutant Ecc strain EC1491 it was determined that protease was not under
cAMP control. A 2.5 kb piece of DNA from Ecc strain EC14 was subcloned from the
hybrid protease cosmid pCA7 into pBR325. The resultant plasmid (pFSD produced
protease in E. coli strain HB101. Plasmid pFSl was subjected to Tn5 transpositional
mutagenesis and a protease deficient mutant was selected. Attempts to transform Ecc
strain EC14 with plasmid pFSl::Tn5 were unsuccessful. Two Erwinia herbicola (EM
and two E. coli strains were transformed with hybrid plasmids pDRl or pDR30 w hich
contained pectolytic genes of Ecc strain EC14. When intracellular and extracellular
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protein fractions from pDRl and pDR30 clones were applied to polyacrylamide
isoelectric focusing, clones containing the same hybrid plasmid produced different
patterns of enzyme activity on polygalacturonic acid (0.1%) substrate (pH 8.5) overlays.
Differences in pectolytic activity were also observed between different pDRl clones when
elution profiles of intracellular and extracellular protein fractions from DEAE (DE53)
cellulose column chromatography were compared.
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CHAPTER I
INTRODUCTION

Erwinia carotovora subsp. carotovora (Ecc) causes a soft rot of the fleshy
portions of many vegetables and fruits. The genus Erwinia, of the family
Enterobacteriaceae, consists of gram negative, non-spore-forming, facultative anaerobes.
Ecc belongs to the carotovora group which is characterized by the production of pectolytic
enzymes that cause diseases generally referred to as soft rots. Soft rot caused by Ecc is
first evident as watersoaked plant tissue which eventually becomes discolored, flaccid and
slimy. Ecc has a remarkably broad host range, and along with Erwinia carotovora
subsp. atroseptica (Eca) and E. chrysanthemi (Ech), attacks over 100 crop species (66).
Ecc is a limiting factor in the production of many crops. Estimated annual losses
due to Ecc and other soft rot bacteria range from 50-100 million dollars (66). In 1976,
bacteria of the carotovora group destroyed 28 million dollars worth of the U.S. crop
production (49).
Infection of host tissue by Ecc results in softening, maceration, and death of
parenchymatous tissue due to the enzymatic degradation of pectic substances, cellulose,
proteins, and lipids. The complexity of plant cell walls and membranes necessitates the
production of different enzymes to degrade these structures , however the specific
enzymatic factors essential for pathogenicity of Ecc remain unknown. Various strains of
Ecc have been shown to produce the enzymes endo-pectate lyase (PL),
endo-polygalacturonase (PG), exo-PL, exo-PG, oligogalacturonide lyase (OGL),
cellulases, protease, phosphatidase C, and phospholipase A (41,59,60,78,89,90,91).
Although several cell-wall degrading enzymes (cellulases, proteases, etc.) are
produced by soft rot bacteria, pathogenicity is most often correlated with production of
pectolytic enzymes (122). Purified endo-pectate lyase (endo-PL) alone can macerate and
kill parenchymatous tissue reproducing many of the same effects as infection by Ecc.
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Purified endo-PL of Ecc causes electrolyte leakage, tissue maceration and cellular death of
potato tissue (60). Maceration and cell death result from the cleavage of galacturonans in
the middle lamella and primary cell wall, which causes separation of cells and lysis of the
turgid protoplasts. Endo-PL does not appear to have a direct effect on cell
membranes (91). Cucumber protoplasts burst in the presence of purified Ecc
phosphatidase C or protease but not when treated by endo-PL.
Enzymes other than PL may play a major role in soft rot pathogenesis. PL is an
important disease factor but the ability to produce PL is not in itself enough to make a
bacterium a successful plant pathogen. Non-phytopathogenic bacteria, such as Klebsiella
and Yersinia, produce PL that degrades galacturonans but does not cause tissue
maceration (4), probably because the enzymes are not secreted and differ physically from
soft rot enzymes. While Ecc produces a myriad of enzymes, the role of non-pectolytic
enzymes in soft rot pathogenesis is unclear.
One approach to study the involvement of specific enzymes in plant tissue
degradation is to treat tissue directly with purified enzymes. As stated previously,
purified endo-PL can cause maceration (60). Such a positive result indicates that the
enzyme may be involved in the soft-rot disease cycle. But would a negative result
neccessarily prove that a specific factor was not involved in pathogenesis? Treatment of
plant tissue with purified enzymes does not allow consideration of host responses to the
pathogen, of the amount of enzyme produced in vivo and of action and/or interaction of
other enzymes and pathogen metabolites. An isolated exo-PL, due to its mode of action,
would not be expected on its own to cause tissue maceration. However the metabolic
product freed by the action of an exo-PL from an Ecc strain was found to be an inducer
of the macerating endo-PL of the same Ecc (78). This type of enzyme interaction may be
essential for successful pathogenesis.
In a different approach, several researchers have attempted to elucidate the
importance of various extracellular bacterial enzymes in pathogenicity of soft rot bacteria
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via use of mutant Envinia carotovora (Ec) strains. Friedman (29) induced a mutation in
Ec causing it to be less virulent than the wild-type pathogen on chicory, celery, carrot,
lettuce and potato. This less virulent mutant produced reduced quantities of both pectic
enzymes and proteolytic enzymes. In another study, an avirulent mutant of EC produced
reduced amounts of PL, PG, and cellulase and produced no phosphatidase (11).
However, in that study it was not investigated which of the enzymes were actually
responsible for virulence of EC. Also, Baraha, el al (12), described a virulent mutant
strain of Ec that was phosphatidase deficient, had low cellulase and PL activity but
relatively normal PG activity. From this he concluded that PG may be the significant
tissue-macerating enzyme . However, because the bacterial strains used in these studies
were not deficient in specific enzymes, it is impossible to draw definitive conclusions
regarding the relative importance of the various enzymes in pathogenicity.
Prior to recombinant DNA technology, chemical mutagens and UV light were
used to produce enzyme mutants for study. Treatment of pathogens with chemical
mutagens and UV light is non-specific because such treatment may produce multiple gene
mutations. Multiple gene mutations make it difficult, if not impossible, to identify the role
of a specific enzyme in disease development.
Since the advent of recombinant DNA technology a number of new techniques
have become available that could be used to study the role of specific enzymes in
pathogenesis of Ecc. One approach is to insert specific enzyme genes from Ecc onto
plasmids and to study the enzymes and their involvement in pathogenicity in E. coli or in
a more closely related species, Erwinia herbicola. Also, site-specific-mutagenesis (i.e.
transposon mutagenesis) that yields single mutations may allow for selection of enzyme
mutants. Transposon mutagenesis of Ecc followed by selection of mutant cells deficient
in the production of certain enzymes, or site-directed marker exchange mutagenesis could
be used to produce site specific mutant strains of Ecc to determine the role of these
enzymes in pathogenesis. Therefore the objectives of this dissertation are:
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1.

To insert the plasmids containing cloned Ecc pectate
lyase genes into two E. coli and two E. herbicola strains and to
evaluate the hosts for enzyme production and secretion,

2.

To determine the pathogenicity of the above strains on potato,

3.

To alter an Ecc strain using transposon mutagenesis and to identify
specific enzyme deficient mutants,

4.

To determine the pathogenicity of the Ecc mutant strains on potato,
and

5.

To use site-specific marker exchange mutagenesis on the cloned
Ecc protease gene, and to determine the frequency of recombination
in Ecc for evaluation of marker exchange mutagenesis as a means of
obtaining Ecc specific enzyme deficient mutants.

CHAPTER II
LITERATURE REVIEW

The soft rot bacterium Erwinia carotovora subsp. carotovora (Ecc) produces
many types of plant cell degrading enzymes such as pectinases, cellulases, proteases,
lipases and nucleases. A convincing role in pathogenesis of soft rot Erwinias has only
been established for the pectic enzymes. However the other enzymes are present
extracellularly and could play a role in pathogenesis of Ecc. Cell wall degrading enzymes
probably act in conjunction and in sequence to degrade plant cell walls (25).

Extracellular Pectic Enzymes
Pectic substances present in plant cell walls present one of the first barriers to
penetration by a phytopathogen. The rhamnogalacturonan chains of the pectic
polysaccharides in plant cell walls are degraded by hydrolytic polysaccharides or by
lyases. Pectic enzymes can be divided into types that attack the chains in a random
/

(endo-) or terminal (exo-) fashion and on the basis of their specificity for pectin or
polygalacturonic acid. The action of pectic enzymes modifies the cell wall, making other
components more available to other enzymes (10,82).
Various strains of Ecc produce the pectic enzymes pectate lyase (PL) (both
endo-PL and exo-PL), polygalacturonase (PG) (both endo-PG and exo-PG), and
oligogalacturonide lyase (OGL) (32,36,62). The action of extracellular cell wall
degrading enzymes produced by soft rot organisms makes components of the cell
available for metabolism by the pathogen. Certain extracellular pectolytic activities are
also seen intracellularly. The intracellular pectolytic enzyme PDI isolated from Ecc strain
EC14 had identical activity to an extracellular enzyme, PDIa (78). Ecc strain EC 14
produces two extracellular pectic enzyme activities, an endo-PL and an endo-PG (78).
The PL and PG activity could not be seperated using DEAE-cellulose column
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chromatography and isoelectric focusing (78) but recently were seperated by molecular
cloning and therefore are distinct enzymes (75). Stack et al. (78) proposed a model for
the catabolism of galacturonan by Ecc strain EC 14. Galacturonan is degraded by either
PL at pH 8.5 to unsaturated trigalacturonic acid or larger unsaturated oligomers, and is
degraded by PG at pH 6.0 to digalacturonic acid or larger saturated oligomers. The
oligomers are presumably transported into the cell and catabolized further. Other strains
of Ecc have been shown to produce four endo-PLs extracellularly (83). Zink and
Chatteijee (101) using Ecc strain 71 cloned an extracellular exo-PL, endo-PG and
endo-PL. In a recent study using isoelectric focusing (IEF) and substrate overlays the
pectolytic enzyme profile of Ecc strain 71 was described (98). Ecc strain 71 produced
three extracellular pectate lyases, one endo-polygalacturonase and one
exo-polygalcturonase. The endo-PG was seperated from the PL activity by molecular
cloning. The endo-PG of Ecc strain 71 was partially characterized as to mode of action,
pH optimum, temperature inactiviaiton and ion requirements. The pectolytic enzymes of
Ecc strain SCRI193 were cloned and also characterized by IEF and substrate overlays
(67). Two major PLs and one PG (pi = 9.1,9.3,9.3, respectiviely) and two minor lyase
activity bands were produced in the culture supernatant. Strains of Erwinia chrysanthemi
(Ech) produce two to five extracellular PLs and some strains produce PG
(7,21,22,30,44).
Secretion of Ecc extracellular PL varies with the strain (18,58,102). Of the newly
synthesized PL of Ecc strain EC153, approximately 25% is released during logarithmic
growth on galacturonan (58) while 90% is released by Ecc 8061 (102) under the same
growth conditions. During early logarithmic growth Ecc releases very little of its newly
synthesized PL but retains it in the cell bound fraction. This is in contrast to Echr which
releases 99.8% of the total PL during this period. Kegoya et al. (48) found that exo-PG
is secreted by Ecc strain P2 during the early logarithmic growth phase before secretion of
PL.
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A secretion mutant of Ecc strain 153 did not secrete PL, PG and cellulase but
retained these enzymes in the periplasm (19). This mutant did not macerate potato tuber
tissue even though the enzymes were present within the bacterial cell wall. This parallels
the enzyme activity of E. coli clones which do not secrete Erwinia enzymes nor macerate
potato tissue (23,39,46,54,70,95,101). An E. coli clone containing the pel E gene of Ech
strain EC 16 on a high expression vector caused significantly more potato tissue
maceration than the wild type Ech (65). This pec tic enzyme was found both
intraceQnlariv and in culture supernatant These findings indicate that excretion of the
enzymes, and not just synthesis, contributes to pathogenicity. Several Ech transposon
mutants from different wild type strains did not secrete PL, PG and cellulase
extracelluLaiiv but retained these in the periplasm (3,82). Protease was secreted from
these mutated organisms as in the wild type organism indicating a seperate secretion
mechanism for protease in Ech (3).
Tne ability of soft rot organisms to produce and secrete enzymes and the
mechanism by which the production of these enzymes are regulated in-vivo are important
characteristics of these pathogens. Endo-pectate lyase in Ecc is inducible, glucose
repressive, and under cyclic AMP regulation. Induction varies among strains of Ecc
(22). Chatterjee et aL (18) found a 3.6 fold increase in the amount of extracellular PL
when EC 153 was grown on galacturonan rather than glycerol. Zucker et al. (102)
showed a 32 fold increase when another strain was grown under similar conditions. A
high basal rate of synthesis of PL exists in Ecc (22). This high basal rate of synthesis of
PL might release products that induce PL production. A PL product, unsaturated
digaiacturonic acid, induces PL production (93). Tsuyumu (93) measured the level of
intracellular enzymes of Ecc strain EC1 grown on glycerol and then with galacturonan
added. He found that there was a lag period after the addition of galacturonan before the
intracellular enzyme activity increased. The lag period was probably due to production of
the iruiuocr by basal levels of PL prior to production of PL.
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The production of PL is under cAMP control. When glucose is added to cultures
of Ecc strain EC 14 growing on galacturonan the level of PL activity and cAMP levels
decrease correspondingly (40). The production of intracellular and extracellular PL is
repressed in the presence of glucose (40,103). In the presence of galacturonan, the
addition of exogenous 3’, 5'-cyclic monophosphate (cAMP) reversed the glucose
repression of intracellular PL (40). The decline of intracellular PL with the addition of
glucose correlated with a decline in intracellular cAMP. A cAMP-deficient mutant
produced only low levels of PL in the presence of galacturonan (61). However, when
cAMP was added to the medium the PL level was comparable to the wild type strain.

Intracellular Pectic Enzymes
Intracellular enzymes function in metabolizing components of the plant cell walls
which have been degraded by extracellular enzymes. Information is available on the
catabolism of polygalacturonic acid by Erwinia but very little is available on the
catabolism of other cell wall components. Two pathways for polygalacturonic acid
degradation in Ecc have been described (22,78). One begins with extracellular PL and the
other with extracellular PG. Both pathways converge at 2-keto-3-deoxy-D-gluconic acid
and yield pyruvate and triose-3-phosphate. Unsaturated digalacturonate (UDG) is
produced within this pathway which is the inducer or inducer precursor of PL synthesis.
Stack et al. (78) characterized four intracellular pectate lyases from Ecc strain
EC 14. One resembled the extracellular PL and another appeared to be an
oligogalacturonic acid trans-eliminase (OGL) with some PG activity. OGL cleaves
saturated or unsaturated dimers to 4-deoxy-L-threo-5-hexosulose uronic acid (DTH)
which is further catabolized. The remaining two are exo-PLs which differ in their ion
requirements. Intracellular and extracellular PL is under catabolite repression by glucose
(40,75). Ecc strain 71 produces five pectate lyases, two of which remain primarily in the
periplasm (98). Pel4 and Pel5 have pis of 8.0 and 6.6, respectiviely and are similar in
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this respect to the intracellular PDII and PDIII or PDIV of Ecc strain EC14.
Mitomycin C treated soft rot Erwinia spp. produce pectin lyase (94). The authors
suggest that pectin lyase induction may be part of the SOS response in soft rot Erwinias.

Cellulase
Cellulose is a major component of plant cell walls. The conversion of cellulose to
glucose requires a series of cellulase enzymes. The Cl cellulase alters cellulose enabling
Cx cellulase to act producing cellobiose. Cellobiose is degraded to glucose by cellobiase.
Erwinia carotovora (Ec) has Cx cellulase activity (11,12,28,100). Ecc strain EC 14 is
capable of growing on cellobiose as a sole carbon source, and thus produces a cellobiase
(61). Also, cellulase activity from Ecc strain EC 14 has been cloned by Roberts et al.
(76).
Ech strain 3665 produces two extracellular carboxymethyl-cellulases (16,17).
One of these enzymes has been purified and characterized (17).

Protease
Ecc produces extracellular protease. Mount et al. (60) isolated a protease from the
culture supernatant of Ecc strain EC 14 using ammonium sulfate fractionation and DEAE
cellulose column chromatography (at pH8). One major peak eluted with 0.4M NaCl
gradient. Tseng and Mount (91) and Tseng (89) isolated a protease from strain EC 14
culture supernatant using ammonium sulfate fractionation and DEAE column
chromatography (also at pH8). The protease peak eluted in the 0.05M NaCl gradient on
DEAE column chromatography in the same region as a phosphatidase and PL enzymes.
The enzymes were separated with isoelectric focusing. This protease had a pi of 8.3.
The above studies report the presence of one extracellular protease produced by Ecc strain
EC 14 but the nature of the enzyme differs in each study. It is unlikely that the enzyme
isolated by Mount et al. (60) is the same enzyme described by Tseng and Mount (91)
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because the enzyme decribed by Mount et al. probably had a much lower pi than pi 8.3
since it was removed from the pH 8 DEAE column by the 0.4M NaCl gradient. The
enzyme (pi 8.3) decribed by Tseng and Mount (91) came off the cellulose column at the
0.05 M salt gradient. Although both studies isolated protease from Ecc strain EC 14, the
cultural conditions were quite extreme in Tseng's study. Mount et al. (60) isolated the
enzyme from the supernatant of 24 hour old cultures but Tseng et al. (91) isolated the
enzyme from the supernatant of 14 day old cultures. Given the multiplicity of pectolytic
isozymes produced by soft rot Erwinias and that strains of Ech produce one to several
extracellular proteases, it's probable that Ecc strain EC 14 produces more than one
extracellular protease.
The amount of proteolytic activity produced by Ech varied among strains (30).
Ech strain 3937JS 2 produces an extracellular neutral protease and at least one other
uncharacterized protease (96). Protease activity was detected when cells were grown in
the presence of peptides, but not in the presence of an amino acid mixture. Because the
protease activity was low and very unstable in the wild type organism, the authors
studied a hyperproteolytic mutant of strain 3937JS2. Three antigenically and structurally
different extracellular proteases from Ech strain B374 were characterized and cloned (97).
These proteases were secreted during the exponential growth phase without intracellular
accumulation. The E. coli clones secreted the proteases which is unlike the non-secretion
of cloned pectolytic or cellulolytic enzymes. A specific intracellular protease inhibitor was
also identified and cloned. Ech strain EC 16 produces one extracellular protease that is
also exported into the growth medium during exponential growth (6). An E. coli clone
containing the EC 16 prt gene and a pel gene exported the protease but retained PL in the
periplasm.

11

Involvement of Enzymes in Pathogenicity
Pectic enzymes are produced by many microorganisms, but not all of these
microorganisms are phytopathogenic. Evidence that pectic enzymes play a role in soft rot
pathogenesis takes many forms. Direct treatment of plant tissue with isolated enzymes
(such as an endo-PL) is one way of showing the enzyme's ability to cause damage.
However, even if an enzyme does not cause direct harm to tissue it does not mean that the
enzyme has no role in pathogenicity. The enzyme may in some way interact with
macerating enzymes. Also production of an enzyme by a pathogen in culture is only one
step in relating the enzyme to pathogenesis. Such studies only describe enzymes the
pathogen is capable of producing in-vitro. Various strains of Ecc produce the
extracellular pectic enzymes PL, PG, exo-PL and oligogalacturonase. However,
measuring the significance of particular enzymes in pathogenesis from these studies is
difficult because many extracellular enzymes are inducible and some are subject to
catabolite repression, thus the substrate provided in vitro may determine the enzymes
produced.
In bacterial soft-rot disease, treatment of tissue with some isolated pectic enzymes
produces symptoms of the disease (7,55,98,101). A characteristic symptom of soft rot is
tissue maceration. More recendy, E. coli clones containing genes for pectic enzymes
have produced soft rot disease symptoms (54,55,75,76). Purified Ecc strain EC 14 PL
induced electrolyte loss, tissue maceration and cellular death of potato tissue (60) leading
the authors to conclude that the substrate for PL is found in the plant cell membrane or
within the protoplast. Tseng and Mount (91) treated potato and cucumber tissue with Ecc
strain EC 14 purified PL, phosphatidase C and protease. Only PL macerated tissue and
induced electrolyte leakage of potato tissue. Both phosphatidase and protease caused
isolated cucumber protoplasts to burst while PL did not Pectate lyase does not affect the
membrane of cucumber protoplasts. PL of Ec and Echr does not kill protoplasts of
plasmolyzed tissue (9,81). The four extracellular PLs of Ech strain EC 16 were resolved
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by subcloning and Tn5 mutagenesis (7). There was a difference among the enzymes in
maceration of potato tissue treated with each of the enzymes and a difference in induction
of electrolyte loss and cell death. The injury of plant cells treated with PL results from
loss in the ability of the degraded cell wall to protect the cell protoplast (9,10). Purified
PL of EC312 had almost the same effect as the bacterium.
Purified enzymes from E. coli clones harboring Erwinia PL or PG pectolytic
enzyme genes cause potato tissue maceration (54,55,75,76). Also an E. coli clone
containing two plasmids that encode endo-PLs, exo-PL and endo-PG of Ecc strain EC 14
caused tissue maceration (76). E. coli clones harboring only one of the plasmids did not
macerate tissue, suggesting that the concerted activity of endo-PL with endo-PG and/or
exo-PL causes maceration. In another study, an E. coli clone containing a hybrid cosmid
encoding PG but not PL activity macerated carrot, potato and turnip slices (51).
In the last four years much research has been done on the soft rot organism
Erwinia chrysanthemi. Genes for the five major PL isozymes have been cloned into E.
coli (5,7,23,46,47,51,70,73,84,95). Some of the E. coli clones possessed limited
ability to macerate potato tissue. However, the Erwinia enzymes remained in the
periplasm of these E. coli clones and were not secreted. The regulation of the PL
enzymes has been studied as well as the secretion of pectinolytic, cellulolytic and
proteolytic enzymes in various secretion mutants (24,44,86,87).
Detection of a particular enzyme produced by Ecc in diseased tissue is additional
evidence of the involvement of the enzyme in pathogenesis. Pectate lyase, protease and
phosphotidase C were detected in Ecc strain EC14-infected potato tissue (60). The PL
was further purified and produced tissue maceration and electrolyte leakage in potato
tissue. Zaki (99) detected cellulase, pectin methyl esterase (PME) and pectin or pectic
acid transeliminase (PNL, PL) in EC infected squash tissue. Another study detected
cellulase, protease, PG and PME activities in Ecc infected squash (28). In addition to the
pectic enzymes, cellulase, protease and phosphotidase C are produced by the pathogen
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during pathogenesis.
Friedman (29) studied a virulent and a weakly virulent radiation-induced strain of
Ec. The two strains could not be differentiated by common morphological, cultural or
physiological tests. However, the virulent strain had more pectic enzyme activity and
more proteolytic activity than the weakly virulent strain. Beraha and Garber (11) studied
the extracellular pectolytic, proteolytic and cellulolytic enzymes of an avirulent mutant of
Ec, a virulent revertant and the virulent wild-type. Polygalacturonase, PL and cellulase
were substantially reduced in the avirulent strain and no phosphatidase activity was
present when compared to the wild type strain and the virulent revertant. High levels of
activity of these enzymes were associated with virulence. In a later study, Beraha et al.
(12) studied nitrosoguanidine (NTG) induced avirulent Ec mutants and revertants that had
reduced virulence over the wild type. They did not isolate specific enzyme mutants and
therefore were unable to determine which enzymes were essential for the production of
soft rot. Similar results were reported by Tsuchiya et al. (92).
A problem with many of the early mutation studies is that chemical and UV light
treatment can produce multiple gene mutations. Thus, in addition to a mutation in a
structural enzyme gene, other unrelated mutations may occur in the same isolated mutant.
One can not tell with certainty which gene mutation is responsible for the avirulent
phenotype. However, a method such as transposon mutagenesis produces single-site
mutations and therefore is ideal for selecting enzyme mutants. Prior to the beginning of
this study, the use of transposon mutagenesis on Ecc and Ech had not been reported.
However, since that time several studies involving transposon mutagenesis of Ecc
(42,43,77,100) and Echr (3,20,86,87) have been completed. Auxotrophic and secretion
mutants were isolated in the majority of the early studies of transposon mutagenesis. An
Ecc strain 193 secretion mutant did not secrete PL, PG and Cx nor did it macerate potato
tissue (19). Jayaswal et al. (43) isolated a non-pathogenic mutant that produced PL and
PG. This mutant was defective in LPS formation and was sensitive to galactose which
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may be the reason for its inability to cause disease. Other non-pathogenic Ecc mutants
isolated by the same laboratory were impaired in the secretion of pectolytic enzymes,
blocked in the biosynthesis of pyrimidines or purines, auxotrophic, and a final class of
mutants have not yet been characterized (34). Specific cellulase and protease deficient
mutants of Ecc strain SCRI193 were isolated (77). Pectolytic mutants which were
isolated were also auxotrophic and therefore were probably not a mutation in the enzyme
structural genes.
Marker exchange mutagenesis has recently been employed in the study of both Ecc
(98) and Ech (65,73,85) enzyme studies. Isolated endo-PG of Ecc strain 71 macerated
potato tuber tissue(98). However an Ecc strain 71 endo-PG deletion mutant, compared to
the wild type, macerated potato, carrot, radish, and celery tissue without a reduction in
virulence. A PelE deletion mutant of Ech strain EC 16 was significantly less virulent than
the wild type (65). Ech strain EC 16 Pel E accounted for a major fraction (40 - 60%) of
the total extracellular Pel activity in culture and potato tissue (5). Although Pel E is not
the only pathogenicity factor of Ech, it plays a major role in Ech pathogenicity. By
marker exchange eviction mutagenesis an Ech strain EC 16 mutant deficient in PLa, PLb,
PLc, and PLe was isolated (73). This mutant was still able to macerate potato, carrot, and
pepper tissue although virulence was reduced considerably.

CHAPTER HI
MATERIALS AND METHODS

Bacterial strains, plasmids and media
The bacterial strains and plasmids used in this study are described in Tables 1 and
2, respectively. Media not described in the text are listed in the Appendix.

Enzyme assays and selective media
Lyase activity was measured by the thiobarbituric acid (TBA) assay (68) as
modified by Stack, et al (78). The substrate for the TBA assay was 1.2% sodium
polypectate (NaPP) in 0.05 M Tris-HCl buffer (pH 8.5) containing 2 mM CaCl2.
Polygalacturonase activity was determined by the Nelson's reducing group analysis (63)
as modified by Stack, et al (78) to make it specific for polygalacturonase. The substrate
for this analysis contained 1.2% NaPP in 0.05 M phosphate buffer (pH 6.0) pretreated
with 0.05 mM EDTA to chelate divalent ions.
Protease was measured in column fractions, culture supernatants, and in
intracellular and extracellular protein fractions with either the Trichloroacetic acid (TCA)
assay (52,91) or the Hide Powder Azure (HPA) assay (37). In the TCA assay, samples
(150 jil) were incubated with 150 jil gelatin substrate (1% gelatin, (Difco), 0.01% CaCl2
in 0.05 M Tris-HCl, pH 8.0) for various times and then 450 |il of 20% TCA was added.
The samples were mixed and centrifuged at 5,000 x g for 20 minutes at room
temperature. The absorbance of the supernatant was measured at 280 nm
(Spectrophotometer 260, Gilford Instruments Labs, Inc, Oberlin, Ohio) against a reaction
blank. Controls were prepared for each sample by the addition of TCA immediately after
the addition of substrate and enzyme samples to the tubes.
The HPA assay modified for smaller sample sizes (50) was used with one
modification: absorbance was measured at 570 nm rather than 595 nm. Samples (100 |il)
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plus 3 mg HPA (CalBiochem-Behring, LaJolla, CA 92037) were placed in the wells of a
microtiter ELISA plate. The samples were incubated at 37 C on a rotary shaker. After
incubation, the samples were filtered through paper (Whatman # 1) and then absorbance
of the filtrate was measured at 570 nm with an ELISA microplate reader (Dynatech
MR600 Microplate Reader, Dynatech Laboratories, 900 States Lane, Alexandria, VA
22314).
Selective media (Appendix) were used to detect production of specific extracellular
enzymes by bacterial colonies. Pectolytic activity was detected by zones of clearing on
PEC-YA medium, pH 7.8 (79). After incubation of bacteria, undecomposed
polygalacturonic acid was precipitated with 2 N HC1. A zone of clearing was present
around colonies with pectolytic activity. Polygalacturonase activity was detected with a
medium (PGM) adjusted to pH 5.8 containing sodium polypectate (35). Formation of
pits around colonies following incubation indicated production of polygalacturonase.
Protease production was indicated by production of clear zones around colonies on
protease detection (PD) medium (Appendix) that had been inoculated, incubated, and then
flooded with HgC^. Cellulase production was indicated by zones surrounding colonies
on cellulase detection (CD) medium (3) that was stained with Congo Red solution
following inoculation and incubation. Phospholipase production was detected by
growing bacteria on a medium (PP) containing nutrient agar that had been overlaid with
soft agar containing emulsifiable lecithin (Appendix). Formation of a white zone around
colonies indicated the production of phospholipase. DNase production was indicated on
DNase test agar (Difco). A clear zone that formed around colonies on this medium after
plates were flooded with 1 N HC1 indicated the production of DNase.

Transposon mutagenesis of Ecc strain EC14 thr with Tn5
The suicide plasmid pJB4JI that carries Tn5 was introduced into Erwinia
carotovora subsp. carotovora strain EC14 thr by conjugation of Escherichia coli 1830
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(pJB4Jl) and Ecc strain EC14 thr on millipore filters. Ecc strain EC14 thr and E. coli
1830 were grown at 30 C overnight in liquid sodium polypectate (NaPP; 0.5 %) minimal
salts (MS) plus threonine (thr; 0.02%) and glucose (0.05%) minimal salts (GMS)
medium plus methionine (0.02%), proline (0.02%), gentamycin (Gm; 5p.g/ml) and
kanamycin (Km; 50 pl/ml), respectively (Appendix). Ecc strain EC 14 thr cells were
transferred to fresh Luria-Bertani (LB) broth and E. coli cells were transferred to fresh
medium. Cultures were monitored turbidimetrically (A ^qq nm) until they reached
mid-exponential growth phase. Dilutions of each culture were spread on LB medium for
viable cell counts. Aliquots of the cultures were mixed in a 1:1 and 9:1 donor to recipient
ratio with a total volume of 10 ml. Five ml of each mix was filtered through a sterile 45 ji
millipore filter and the filters were placed on fresh LB agar plates. Filters were incubated
for 6 hours at 30 C and then the cells were resuspended in 10 ml minimal salts (MS;
0.02% MgS04, 0.15% KH2P04, 0.715% Na2HP04, and 0.3% (NH4)2S04). Cell
suspensions were centrifuged, resuspended in 5 ml minimal salts and then dilutions
spread on GMS medium plus threonine (thr) and Km for selection of transconjugants.
Since E. coli 1830 (pJB4JI) was auxotrophic for methionine and proline it could not
grow on minimal medium containing only threonine. Ecc strain EC 14 thr and E. coli
1830 were included as controls. Plates were incubated at 30 C for four days.
One hundred potential transconjugant colonies were transferred by sterile
toothpicks to the following five selective media: (1) NaPPMS medium plus thr, and Km;
(2) GMS plus thr, and Gm; (3) GMS plus Km; (4) GMS plus thr, Km, and Gm; and (5)
GMS plus thr, and Km. Twelve transconjugant colonies were screened by gel
electrophoresis (45).
Plasmid pJB4JI did not act as a suicide plasmid in Ecc strain EC 14 thr but
remained stable. Therefore, various growing conditions were used to cure the plasmid.
In experiment I, Ecc strain EC 14 thr (pJB4JI) was grown in a modified low phosphate
medium originally described by Torriani (88). A series of low phosphate media
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containing a range of phosphate concentrations (0, 250, 375, 500,750 |iM) plus Km
were used to grow EC14 thr (pJB4JI) at 30 C for 24 hours. These liquid media were
inoculated with bacteria from an overnight agar culture. After 24 hours growth, dilution
plates of the cultures were prepared on LB medium plus Km. After incubation at 30 C for
48 hours, 20 colonies from each phosphate concentration (0, 250, 375, 500, 750 p.M)
were picked to LB plus Km and LB plus Gm plates. Colonies that lost the plasmid would
not grow in the presence of Gm. In experiment II, lower concentrations of phosphate (0,
62.5, 125, 187.5,250 |i.M) were used and the other conditions remained as in experiment
I. One hundred colonies from each phosphate treatment were screened for loss of the
plasmid. In experiment HI a higher temperature (37 C) and/or absence of kanamycin in
the medium were used as means to cure the plasmid. Three different phosphate
concentrations (0, 62.5, 125 p.M) were used and 100 colonies per treatment were
screened on selective media for loss of the plasmid and retention of the transposon. In
experiment IV, Ecc strain EC 14 thr (pJB4JI) was grown in complete medium (LB) and
low phosphate medium, both without Km at 30 and 37 C for several days. The cultures
were transferred to fresh media every 8-15 hours. A large number (1450) of colonies
were screened for loss of the plasmid and retention of the transposon.
A total of 263 clones of Ecc strain EC 14 thr that retained the transposon but lost
the plasmid were screened for production of pectate lyase, cellulase, and protease on
enzyme screening media (Appendix).

Transposon mutagenesis of Ecc strain EC14 with Tqj
Ecc strain EC14 was also mutated with the transposon Tn5. Briefly, pDRT4 was
introduced into Ecc strain EC 14 by a helper plasmid using the triparental mating method
of Ditta, et al (27). Isolates that acquired the plasmid were cured by growing Ecc strain
ECU (pDRT4) in low phosphate (250 uM) minimal medium (88) and cells that retained
the transposon Tn5 were selected on medium containing Km (50 |il/ml). Screening of
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these mutant colonies is described below. Colonies (6,637) containing Tn5 were tested
on screening media for the production of pectic enzymes (pectate lyase and
polygalacturonase), cellulase, protease, phospholipase and DNase (D Nase Test Agar,
Difco) (Appendix). Also colonies were tested for the loss of the plasmid (no growth on
LB plus tetracycline (Tc; 10 pl/ml)), retention of the transposon (growth on LB plus Km)
and for auxotrophy (no growth on GMS plus Km medium nor NaPPMS plus Km
medium). Kanamycin resistant colonies were transferred by sterile toothpicks to nine
different media and then the plates were incubated at 30 C for 24 - 72 hours. After
incubation, production of either cellulase, pectate lyase or protease were shown by a zone
of clearing on selective media. Pitting on polygalacturonase (PGM) medium indicated
production of PG and did not indicate production of pectate lyase since the pH of the
medium was adjusted to 5.8. Production of phospholipase was indicated by formation of
a white zone surrounding a colony after 24 hours. Any variation in enzyme production
whether an increase or decrease in zone size compared to wild type was noted. The
preparation of these mutant colonies has been published (2).
Pathogenicity of a protease deficient Tn5 mutant Ecc strain EC 14 prt was
compared to the wild type Ecc strain EC 14. Dry surface sterilized Russet Burbank
potatoes were incubated overnight at 30 C. Potatoes were surface sterilized again
immediately before inoculation and dried in a sterile laminar flow hood. Three slices, 1
cm thick were cut at the center of each potato. A well was cut at the center of each slice
with a #2 cork borer. Ecc strain EC 14 and Ecc strain EC 14 prt were grown to an
exponential growth phase (A 660nm =

as measured on a Spectronic 20, Bausch and

Lomb, Inc., Rochester, NY) and then standardized spectrophotometrically. Three slices
from each potato were inoculated with either 50 |il LB broth, 50 pi of the standardized
Ecc strain EC 14 culture or Ecc strain EC 14 prt. Slices were placed in individual moist
chambers and incubated for 36 - 48 hours at 25 C. After incubation, the weight of rotted
tissue was removed from the slice and measured. Fifteen potatoes were used and the
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experiment was repeated six times.

Transformation of Erwinia herbicola and E. coli strain L-358 with plasmids pDRl and
pDR30
Hybrid plasmids pDR30 and pDRl (Table 2) from E. coli strain HB101 clones
were inserted into E. coli strain L-358, E. herbicola strain L-321 and E. herbicola strain
L-322 (Table 1) and pectolytic enzyme production of these transformed bacteria and the
E. coli strain HB101 clones were compared to the wild type Ecc strain EC14. Also, the
pathogenicity on potato tissue of these pectolytic clones was tested.
Plasmids pDRl and pDR30 were isolated from E. coli strain HB101 clones using
the Birmboim and Doly procedure (15) as modified by Maniatis (57). Purity of the
isolated plasmid preparation was examined by agarose gel (0.7% agarose in Tris-Borate
buffer: 89mM Tris base, 2.5 mM EDTA, 89 mM Boric acid) electrophoresis.
E. herbicola (Eh) strain L-321, a non-pigmented variant strain L-322 (43) and E.
coli strain L-358 were transformed with plasmid pDRl or pDR30 using a CaC^-heat
shock procedure. Competent cells were prepared by a modification of the method of
Maniatis (57). Cells were grown overnight in yeast-tryptone (YT) medium, transferred to
fresh medium and then grown to the mid-exponential growth phase as determined
spectrophotometrically. Cells were centrifuged at 3600 x g for 6 minutes, resuspended in
one half volume cold 50 mM CaCl2 and then incubated on ice for 20 minutes. Cells were
centrifuged as above and then resuspended in one-tenth volume CaC^. Cells were stored
for 24 hours at 4 C before use. A 10 |il plasmid preparation was added to 0.3 ml
competent cells and the mixture incubated for 40 minutes on ice. Controls of only DNA
or only recipient cells were included. The cell-DNA mixtures were heat-shocked at 42 C
for 2 minutes and then 0.1 ml of the mix was added to 0.9 ml YT broth. The mixtures
were gently shaken without antibiotics for 4 hours at 30 C to allow for plasmid
expression. Dilutions were spread on YT plus Tc (10 |ig/ml) medium for selection of
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transformants and LB medium for viable cell counts. Bacteria were incubated for 48
hours at 30 C and the transformation frequency was determined. Also Eh strain L-322
and E. coli strain L-358 were transformed with pDR30 as described above except
ampicillin (Ap; 30 |ig/ml) was used for selection. Because Eh strain L-321 is naturally
ampicillin resistant, it could not be used to select pDR30 transformants.
Six E. coli strain L-358 and Eh strain L-322 pDRl transformants and two Eh
strain L-321 pDRl transformants were single-cell isolated and then maintained on YT
plus Tc medium and transferred to fresh medium every 7-10 days. Also cultures were
stored at -70 C. The presence of plasmid pDRl was confirmed by gel electrophoresis
(45).
Transformants were screened on YT plus Tc, GMS plus Tc, GMS plus thiamine
(thi; 0.0005 mg/ml) and Tc, and GMS plus thi leucine (leu; 0.02%) thr and Tc , and
PEC-YA medium plus Tc (pH 7.8). Ampicillin was substituted for Tc to screen pDR30
transformants. Bacteria were incubated at 30 C and 37 C for 24 - 72 hours. After 48
hours PEC-YA plates were overlayed with 2 N HCL. The ability to grow in the presence
of a particular supplement and the production of pectic enzymes as indicated by a zone of
clearing were determined. Size of the zone of clearing on PEC-YA compared to Ecc
strain EC 14, E. coli strain L-643 and E. coli strain L-669 was noted.

Pectolvtic Isolation and Characterization from pDRl and pDR30 clones
One liter of PEC-YA broth (0.6% NaPP) ammended with Tc (10 ug/ml) was
inoculated with an overnight culture of either Eh strain S-l 11 (Table 1), Eh strain S-211
or E. coli strain S-816. Cultures were incubated in a 30 C shaking water bath until
cultures reached stationary phase as determined spectrophotometrically.
Extracellular and intracellular enzymes were isolated from Eh strain S-l 11, Eh
strain S-211 and E. coli strain S-816 by ammonium sulfate precipitation and separated by
DEAE cellulose DE53 (Whatman Inc., Clifton, NJ) chromatography using the procedure
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of Stack et al.{78). Crude extracellular and intracellular protein fractions of all the parent
strains were also prepared. Crude extracellular and intracellular enzyme fractions and
column fractions were assayed for pectate lyase and polygalacturonase activity by the
TBA assay (68,78) and the Nelson's reducing group analysis (63,78), respectively.
Fraction peaks showing lyase activity for Eh strain S-211 were pooled and applied to
isoelectric focusing as described by Stack et al. (78).
Next, enzymes for representative clones were compared using thin layer
polyacrylamide gel isoelectric focusing (PAG-IEF) and substrate overlays (65).
Extracellular and intracellular enzymes were isolated from stationary phase cultures of Ecc
strain EC14, Eh strain S-lll, Eh strain S-211, E. coli strain S-816, Eh strain S-823, E.
coli strain S-831, Eh strain L-321, Eh strain L-322, and E. coli strain L-358 by the
method of Stack et al.(71). Enzyme samples were applied to ultrathin polyacrylamide
isoelectric focusing gels (LKB Ampholine PAGplate, pH 3.5-9.5, LKB-Produkter AB,
Bromma, Sweden; and Servalyt Precote Precast Gels, pH 3.0-10.0, Fisher Scientific,
Pittsburgh, PA 15219). Standard proteins (Biorad IEF standards, broad range, pi 4.6 9.6) were run on the gel to determine pH gradient. Gels were stopped when standard
bands that had been loaded on opposite polar ends of the gels were aligned. The
polyacrylamide gels were overlaid with a substrate gel (0.1 % polygalacturonic acid
(Pfaltz & Bauer, Inc., Waterbury, CT 06708), 1.5 mM CaCl2 in 0.05 M Tris-HCL, pH
8.5) incubated for one to several hours for pDRl clones, and 10 or more hours for
pDR30 clones. The overlay was then removed and stained with ruthenium red (0.05%).
Areas of enzyme activity appeared as bands of clearing where the substrate had been
degraded.

Pathogenicity testing of E.coli and E. herbicola clones harboring pDRl and pDR30
Pathogenicity of pDRl and pDR30 clones was tested using the method of Keene
et al. (46). Parent strains and pDRl and pDR30 clones were grown to mid-log phase in
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LB broth (ammended with Tc for pDRl strains or with Ap for pDR30 strains). Eight
slices (1 cm) were cut from each of 18 surface sterilized Russett Burbank potatoes and
then 2 mm wells were cut into the slices with a # 2 cork borer. Two slices per potato
were inoculated with LB broth and the wild-type bacteria E. coli strain L-358, E. coli
strain HB101, E. herbicola strain L-321 and strain L-322. Fifty microliters of bacterial
cultures were dispensed into each well with sterile eppendorf pipette tips. Two slices per
potato were inoculated with pDRl clones and two slices wrere inoculated with pDR30
clones. The remaining two slices per potato were inoculated with Ecc strain EC 14 and
LB broth as controls. One of the pair of slices was incubated at 30 C and the other at 37
C in sterile petri dishes containing 3 pieces of filter paper and 10 ml of sterile distilled
water. After 36 hours incubation the amount of maceration was rated on a scale of 0 - 4.
Zero was equal to no maceration and '4' was equal to complete maceration. The
experiment was repeated 3 times with all clones and an additional test was performed for
the pDRl and pDR30 E. herbicola clones.

Isolation and characterization of the extracellular protease from Ecc strain EC 14
Ecc strain EC14 was grown in LB medium (500 ml) plus 0.5% gelatin (Knox) for
36 hours and then an extracellular protease enzyme was isolated from the culture
supernatant The extracellular fraction was brought to 40% saturation with (NH^SQti
centrifuged at 13,000 x g at 4 C for 30 minutes and the supernatant saved. The
supernatant was brought to 95% saturation and then centrifuged as above. The resulting
precipitate was resuspended in a minimal amount of water and dialyzed overnight against
several liters of distilled water (4 C). The dialysate was applied to a 1.5 x 15 cm DEAE
cellulose column (DE53) equilibrated in 0.05 M Tris-HCl (pH 8.0) at 4 C. Protein was
eluted with 30 ml 0.05 M Tris-HCl (pH 8) and then 21 ml each of a NaCl stepwise
gradient (0.1, 0.2, 0.3, 0.4 M NaCl). Protease activity was measured in column
fractions using either the HPA assay or theTCA assay. Also pectate lyase activity was
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measured with the TBA assay.
Fractions from the protease activity peak were subjected to isoelectric focusing
with a pH range of 3 - 10 (78). Samples were electrofocused for 72 - 96 hours at 4 C
until the voltage stabilized. Fractions (3 ml) were collected, their pH measured and then
dialyzed overnight against several liters of distilled water. Protease activity of the column
fractions was measured using the hide powder azure assay.
A molecular weight column of Sephadex G-75 in 0.05 M Tris-HCl (pH 8) and 0.1
M KC1 was prepared (1.6 cm X 80.0 cm) and calibrated with Pharmacia's Low Molecular
Weight Kit containing blue dextran, ribonuclease A, chymotrypsinogen A, ovalbumin,
and albumin. A portion of a protease peak from a cellulose column was applied to the
molecular weight column. Forty fractions (2 ml) were collected after the void volume and
assayed for protease activity with the TCA assay at pH 8 using overnight incubation.
The purified protease was then characterized as to pH optimum and effect of
EDTA. Acetate (0.05 M) buffer (pH 4.5-5.5), 0.05 M Tris-maleate buffer (pH 6.0-7.5)
and 0.05 M Tris-HCl buffer (pH 8.0-10.0) were used to prepare twelve buffered
substrates. Substrates (1% gelatin (Difco), 0.01% CaCl2) were prepared from each of
12 different buffers. Substrate (150 pi) and purified enzyme samples (150 pi) were
mixed together and incubated for 14 hours at 30 C. Protease activity was measured using
the TCA assay and the optimum pH for protease activity was determined. EDTA
solutions (10 pi) were added to 100 pi gelatin substrate (pH 7) at a final concentration of
0.1, 1.0 and 10.0 mM EDTA. Control tubes contained water instead of EDTA.
Substrates and EDTA were incubated for 30 minutes and then 100 pi of purified enzyme
solution was added. Protease activity was measured with the TCA assay. Each treatment
was replicated 3 times and the experiment was repeated 3 times.
The effect of adenosine 3'5-cyclic monophosphoric acid (cAMP) on protease
production by Ecc strain EC1491 was determined. Six different minimal salts media plus
thr, leu and gelatin (0.4%) (Appendix A) were prepared which differed in the 3 different
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carbon sources (20%); glucose, ribose or mannitol and in presence or absence of cAMP
(Sigma, 0.5 mM). Ecc strain EC 14 and Ecc strain EC 1491 cells from an overnight
culture were dotted onto the six media, incubated for 40 hours at 30 C and then overlayed
with acidified HgC^. Production of protease was noted as well as size of the zone of
clearing compared to the wild type.
Crude extracellular and intracellular protein fractions of Ecc strain EC 14, Ecc
strain EC14 prt and E. coli strain S-101 were isolated. Ecc strain EC 14, Ecc strain EC14
prt and E. coli strain S-101 were grown in NaPPMS, NaPPMS plus Km and LB broth
plus 30 p.g/ml chloramphenicol (Cm), respectively, for 36 hours at 30 C. Extracellular
enzymes were isolated as previously described except the supernatant was brought
directly to 95% (NH^SC^ saturation. Intracellular enzymes were isolated as described
by Stack et al. (78) except fractions were brought to 40% and then 95% (NH^SC^
saturation. The crude enzyme fractions were stored at -70 C. Polyacrylamide gel
isoelectric focusing (PAG-LEF) and thin-layer gelatin substrate overlays (1% gelatin
(Difco), 1% agarose, 0.1 mM CaC^, 0.05 M Tris-maleate, pH 7.0) were used to detect
protease activity bands. Enzyme samples were loaded at the cathode end of pre-cast LKB
pH 3.5 -10.0 polyacrylamide gels. Protein standards were applied at both the cathode
and anode ends of the gel and the gels were electrophoresed until standards loaded at
opposite polar sides migrated to the same position. After electrophoresis gels were
overlaid with a gelatin substrate overlay and incubated together for one to several hours at
30 C. Protease activity bands were visualized as zones of clearing by soaking the overlay
in 20% TCA for 20 minutes. The positions of the activity bands were noted against
colored standard markers and standard proteins on silver stained polyacrylamide gels and
an approximate pi determined for protease activity.
The production of extracellular protease by Ecc strain EC 14 over time was studied
by measuring the relative protease activity (A57Qnm) in the culture supernatant using the
HPA assay. An overnight LB broth culture of Ecc strain EC 14 was used to inoculate
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three 500 ml flasks containing 200 ml each of NaPPMS medium and three 500 ml flasks
each containing 200 ml of LB broth. Cultures were incubated in a shaking water bath at
30 C. Every hour (1-14 hours) 4 ml of culture was removed from each flask, the
absorbance of each culture was recorded (A55Qnm), 1 ml was used for viable cell counts
and 3 ml were centrifuged in a clinical centrifuge for 10 minutes and the supernatant saved
for protease and pectate lyase assays. Samples were stored at 4 C until completion of
sampling and then the protease and pectate lyase were measured on all samples at one
time. Protease and pectate lyase were measured using the HP A and TBA assays,
respectively. LB agar plates were used for viable cell counts.

Subcloning protease genefs) from pCA7
The protease gene(s) of Ecc strain EC 14 was subcloned from the hybrid cosmid
pCA7 into the BamHl site of pBR325. E. coli strain A-7 was grown overnight in Tryptic
Soy Broth (TSB; Difco) plus Tc (10 pg/ml). Three flasks containing 200 ml each of TSB
broth were inoculated with the overnight culture. Cultures were incubated at 30 C in a
shaking water bath until the exponential growth phase. Cells were centrifuged at 6,000 x
g and then pCA7 was isolated using the alkaline lysis method of Birmboim and Doly (15)
as modified by Maniatis (57). The plasmid pCA7, was completely digested with the
restriction enzyme BamHl (Bethesda Research Laboratories, Gaithersburg, Maryland,
20877 (BRL)) according to supplier's instructions.
The vector pBR325 was digested with BamHl and then treated with Calf
Intestinal Phosphatase (CIP) (Boehringer Mannheim Biochemicals, Indianapolis, IN
46250). The restricted pCA7 DNA was combined with BamHl digested CIP treated
pBR325 DNA and the mixture was ligated with T4 DNA ligase (BRL) for 20 hours at 15
C. Competent E. coli HB101 cells prepared as described previously in the text were
transformed with the ligated DNA. Ligation mixtures were plated onto LB plus Ap and
Cm medium and incubated for 48 hours at 37 C. Transformant colonies were screened
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on LB plus Ap and Tc medium, LB plus Ap and Cm, and PD medium plus Ap
(Appendix).

Transpositional mutagenesis (Tn5) of pFSl and transformation of Ecc strain EC 14
The plasmid pFSl was mutated with Tn5 using the method of deBruijn and
Lupski (23) as modified by Hoaglund (Syracuse Research Laboratories, Allied Corp.,
Solvay, NY). E. coli strain S-lOlwas grown at 37 C to stationary phase in 5 ml YM
broth plus Ap and Cm and then diluted 1 to 100 with fresh broth and growth was
continued until absorbance at 550 nm equalled 1.0. A solution of lambda NK497 (200
jil, multiplicity of infection = 0.1 bacteriophage per bacterial cell) was mixed with 1 ml of
cell culture and the mixture was incubated for 2 hours at 30 C. After incubation 200 p.1
portions of the mixture were spread on LB agar plus Km (50 jig/ml) and the plates were
incubated for 48 hours at 30 C. Control plates included just the lambda NK497 solution
or just E. coli strain S-101. After 48 hours Km resistant colonies were washed from the
agar with sterile distilled water and then the plasmids were isolated (15,57).
Competent E. coli strain HB101 cells prepared as previously described were
transformed with the isolated plasmids and then the transformation mixture was spread on
LB medium plus Ap and Km. Plates were incubated for 48 hours at 37 C and the
transformants were then transferred by toothpick to LB plus Ap and Km, LB plus Ap and
Tc, and PD medium plus Ap and Km. Colonies that were resistant to Ap and Km,
sensitive to Tc, and did not produce a zone of clearing on PD medium or produced a large
zone on PD medium compared to the wild-type, were single-cell isolated.
The plasmid pFS2 was isolated as previously described in the text from a Ap1
Kmr pit* E. coli strain HB101 transformant. Ecc strain ECU was transformed with
pFSl::Tn5 according to the method of Hanahan (33). This method had been used
a

previously by Hinton, et al (38) to transform Ecc at a frequency of 2.0 X 10
transformants/p-g pBR322 DNA. Also, Ecc strain EC14::Tn5 DNase" was transformed
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with pFSl::Tn5 to determine if the absence of extracellular DNase would increase
transformation frequency.

Subcloning the protease genefsi from plasmids pFSl and pCA7 into pBR322
Because transformation of Ecc strain EC14 with plasmid pFSl::Tn5 was
unsuccessful, the protease gene(s) was subcloned to pBR322 in order to use the
triparental mating system of Ditta, et al (27). Plasmids pFS 1 and pBR325 were restricted
with BamHl and the size of the EC 14 insert was determined against X Hind HI
fragments, 1 kb ladder, 123 kb ladder (BRL, Gaithersburg, MD 20877), and Bst E II
digest of X DNA (New England Biolabs, Beverly, MA 01915), after agarose gel
electrophoresis. Because attempts to cut the Ecc strain EC 14 fragment from pBR325 with
BamHl were not successful, pFS 1 was completely restricted with BamHl, was partially
restricted with Sau3Al, and was restricted with BamHl and Sau3Al in combination.
The restricted pCA7 and pFS 1 DNA were ligated with pBR322 that had been
restricted with BamHl and treated with CIP. Competent E. coli strain HB101 cells
prepared the previous day were transformed with the ligation mix. The transformant
mixture was spread on LB plus Ap and was incubated at 37 C for 24 hours. A portion
(100 }il) of the ligation mix was used for viable cell counts and 100 p.1 was spread on LB
plus Ap and Tc to determine recircularization. Transformants that grew on LB plus Ap
were transferred by toothpick to PD medium plus Ap. Bacteria were incubated at 37 C
for 36 hr, and then were overlayed with acidified HgC^. Colonies that produced a zone
of clearing were isolated as single cells and then tested again for production of protease.
Two protease-positive transformants were subjected to transpositional
mutagenesis with Lambda::Tn5 as described previously. The resultant transformants, E.
coli strain HB101 (pFS2::Tn5) and E. coli strain HB101 (pFS5::Tn5) were screened for
production of protease.
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Table 1. Bacterial strains used in this study.

Genus/Species

Strain

Description (source or reference)

Erwinia carotovora

EC14X

Pectolytic, pathogenic E. carotovora subsp. carotovora
(61).

ECU thr

A threonine-deficient mutant of ECU isolated from
N-methyl-N'-nitro-N-nitroso guanidine treatment (61).

EC 1491

A cAMP deficient mutant of strain ECU (61).

ECU prt

EC14::Tn5. Kmr, Prt". A protease-deficient mutant of
ECU isolated after Tn5 mutagenesis (This study, (2)).

Escherichia coli

HB101

hsdR, hsdM, recA13, proA2, leuB6, thiBl, lacYl,
rpsL20 , Str1-, supE44 (57).

L-643

HB101 (pDRl); Tcr, Pec+ (75)

L-669

HB101 (pDR30); Apr, Pec+ (76).

A-7

HB101 (pCA7); Tcr, Prt+. Protease gene(s)
cloned from ECU (2).

S-101

HB101 (pFSl). Apr, Chr, Prt+. (This research).

S-102

HB101 (pFS2). Apr, Chr, Kmr, Prt". (This research).

L-358

C600, K-12, Rk", Mk", thi-1, leuB6, thr-1, lacYl,
supE44, Nalr (G. Lacy, V.P.I., Blacksburg, VA)

S-816

L-358 (pDRl) (This research).

S-831

L-358 (pDR30) (This research).

1830

Harbors the conjugative plasmid pJB4JI. Pro", Met",
Kmr, Nmr’ Gmr. (S. V. Beer, Cornell University,
Ithaca, NY).

Erwinia herhicola

L-321

Nalr, Pig+. A spontaneous Nalr mutant of L-244 (53).
(G. Lacy, V.P.I.).

S-lll

L-321 (pDRl) (This research)

L-322

Nalr, Pig", Thi" A spontaneous variant of L-321 (53).
(G. Lacy, V.P.I.).

S-211

L-322 (pDRl) (This research)

S-231

L-322 (pDR30) (This research).

x Originally isolated from yellow calla lilly (Calla palustris L.) by A. P. Ark in California.
Provided to us by R. S. Dickey (Cornell University, Ithaca, NY).
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Table 2. Plasmids and phage used in the present study.

Plasmid/Phage

Description

Reference or Source

pBR322 derivitive encoding gene(s) for an

Roberts et al. (75)

Plasmids
pDRl

intracellular pi 9.5 pectate lyase and two
extracellular PLs (pi 7.5 and pi 9.5) cloned
from Ecc strain EC 14. Tcr.
pDRT4

pDRl mutagenized with Tn5. It remains Tcr

Allen et al. (2)

but no longer confers detectable PL activity.
pDR30

pBR322 derivitive encoding a pi 7.8 exo-PL

Roberts et al. (76)

and an endo-PG cloned from Ecc strain EC14.
pCA7

pLAFR-3 derivitive encoding gene(s) for an

Allen et al. (2)

extracellular protease cloned from Ecc strain
EC14.
pFSl

pBR325 derivitive encoding a gene for an

This research

extracellular protease of EC 14 subcloned
from pCA7.
pFS2

pFSl mutagenized with Tn5. It remains Apr

This research

Cmr but it no longer confers detectable protease
activity.
pJB4JI

A conjugative plasmid containing Tn5.

S.V. Beer (Cornell
University)

Phage
lambda NK467 Lambda: :Tn5

G. Lacy (V.P.I.)

CHAPTER IV
RESULTS

Transposon mutagenesis of Ecc strain EC 14 thr with Tn5
Although plasmid pJB4JI acts as a suicide plasmid in many organisms (13,80),
the plasmid was stable in Ecc strain EC 14 thr when the bacterium was grown in the
presence or absence of Km in either rich or low phosphate medium for 24 hours. When
Ecc strain EC 14 thr (pJB4JI) was grown for 24 hours in low phosphate medium at two
temperatures with and without Km, four transposed colonies were isolated from the 1450
colonies tested. However, in experiment IV when the bacterium was grown in either
medium without Km at two temperatures for several days with repeated media changes
the plasmid was cured at a higher frequency (Table 3). The frequency of colonies that
lost the plasmid but retained the transposon was determined by screening all colonies on a
given dilution plate. Overall, when Ecc strain EC 14 thr (pJB4JI) was grown at 37 C the
frequency of plasmid cure was greater than at 30 C with the same medium. The
frequency of plasmid cure was greater when cells were grown in 250 |iM low phosphate
minimal medium compared to 125 (iM low phosphate medium. Also a period of time
longer than 24 hours growth was neccessary for plasmid cure.
A difference in colony size was observed among transposed colonies. Eighteen
very small colonies were isolated and screened and all had lost the plasmid but retained
the transposon. When the low phosphate medium (125 and 250 }iM) was inoculated by
toothpick and then incubated at 37 C, cultures did not grow. Consequently these media
were inoculated with an overnight liquid culture instead of colony transfer by toothpick.
The frequency of plasmid cure was higher when cells were grown in the absence of
kanamycin.
A total of 263 clones of Ecc strain EC14 thr::Tn5 that retained the transposon but
lost the plasmid were isolated. Although these bacteria earned a mutation somewhere in
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their genome they still produced a zone of clearing on PEC-YA, PD, and CD screening
media, and therefore produced pectate lyase, protease and cellulase. The bank of
unidentified transposon mutants was preserved at -70 C for future experimentation.

Transposon mutagenesis of Ecc strain EC 14 with Tn5
Ecc strain EC14::Tn5 mutants were screened for production of pectic enzymes,
cellulase, protease, phospholipase, and DNase. Out of 6,637 Ecc strain EC14::Tn5
colonies tested only 37 had a selectable phenotype other than Km resistance (Table 4).
Since Ecc strain EC 14 (pDRl::Tn5) was grown in low phosphate minimal salts medium
without amino acid supplements for plasmid cure, only two auxotrophic colonies were
isolated. One of the auxotrophic colonies also had reduced DNase activity. One DNase
negative mutant was isolated and 19 colonies with a notably increased DNase activity
compared to the wild type were isolated. One colony with decreased protease, pectic
enzyme and cellulase activity was found. Twelve colonies with decreased cellulase
activity and one with increased activity were isolated. Only one protease-negative mutant
was isolated. This protease deficient mutant could be complemented with a cosmid
carrying the protease gene thus restoring nearly wild type protease activity (2).
Russet Burbank potato slices inoculated with Ecc strain EC 14 and Ecc strain EC 14
prt produced amounts of macerated tissue that were visually comparable. When total
weight of the macerated tissue produced by Ecc strain EC 14 prt was compared to the
weight of tissue macerated by the wild type the protease deficient mutant macerated 6%
less tissue than the wild type, but the differences were not significant above P = 0.50.

Erwinia herbicola and E. coli L-358 pDRl and pDR30 transformants
The transformation frequencies of E. coli strain L-358, Eh strain L-321 and Eh
strain L-322 with pDRl were 1.74 X 10"^, 5.52 X 10'^ and 1.83 X 10 ^
transformants/recipient, respectively. Transformation frequencies with pDR30 were
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similar to those of pDRl. Plasmids from six Eh strain L-322 and E. coli strain L-358
pDRl transformants and two Eh strain L-321 pDRl transformants were isolated and
compared to pDRl from E. coli strain L-643 by gel electrophoresis. A total of two Eh
strain L-321 pDRl transformants and six Eh strain L322 pDRl transformants were
isolated. Six E. coli L-358 pDRl transformants were single cell isolated for further
analysis. Two Eh strain L-322 pDR30 transformants and six E. coli L-358 pDR30
transformants were isolated and their plasmids compared to pDR30 from E. coli strain
L-669.
The size of the zone of clearing on PEC-YA medium produced by pDRl
transformants varied with the recipient host (Fig. 1). Parent strains did not degrade
pectate when incubated at 30 C and 37 C. Zones produced by both E. herbicola pDRl
clones and E. coli strain L-358 pDRl clones were consistently larger than the zone
produced by E. coli strain L-643 at both temperatures. Similar results were found with
pDR30 transformants. At 30 C, Eh strain S-231 produced a clear zone larger than either
E. coli strain L-669 or E. coli S-831.
Isolated plasmids from all clones appeared identical to either pDRl or pDR30 on
agarose gels (Fig. 2).

Pectate lvase activity of E.coli and Erwinia herbicola pDRl and pDR30 clones
Crude extracellular and intracellular protein fractions were tested for pectate lyase
activity and for polygalacturonase activity using the TB A and Nelson's assays,
respectively. High lyase activity as measured by the TB A assay was shown by Eh strain
S-l 11 intracellular and Eh strain S-211 intracellular and extracellular samples (Table 5).
Slight activity was seen in Eh strain S-l 11 extracellular sample. E. coli strain S-816
showed lyase activity intracellularly and slight extracellular lyase activity. The parent
strain E. coli strain L-358 showed no activity. Slight activity was detected in the
intracellular samples of Eh strain L-321 and Eh strain L-322. No polygalacturonase
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activity was measured in any of the crude intracellular and extracellular protein fractions
of the pDRl clones.
From DEAE cellulose (DE53) chromatography (pH 8), two lyase activity peaks
(as measured by the TBA assay) were eluted in the intracellular fractions of Eh strain
S-l 11 and Eh strain S-211 (Figs. 3 and 4). One peak eluted in the void volume and the
second peak eluted in the 0.05 M NaCl gradient. The second peak of Eh strain S-211
also had Nelson's activity. This activity was not seen in the second peak of Eh strain
S-l 11. One lyase activity peak was eluted in the void volume for the extracellular fraction
of Eh strain S-211 (Fig. 5). The crude extracellular fraction of Eh strain S-l 11 showed
little lyase activity so the fraction was not further purified.
The extracellular activity peak from Eh strain S-211 and peak 1 from the
intracellular sample were subjected to isoelectric focusing (Fig. 6). The pi of the
extracellular peak was approximately 10.2 (Fig. 6A). Peak l(Fig. 4A) from the
intracellular sample had a pi of approximately 10.0 (Fig. 6B). Intracellular peak 2 (Fig.
4A) was not subjected to IEF.
When crude enzyme fractions were subjected to polyacrylamide gel isoelectric
focusing (PAG-IEF) different bacterial strains harboring the same hybrid plasmid pDRl
produced different patterns of pectate lyase activity bands on substrate overlays. Ecc
strain EC 14 (lane 3) produced 3 major intracellular bands and 4-5 minor bands (Fig.
7A). These bands were also produced in the extracellular fraction. The two lower
activity bands are not shown in this figure. All of the pDRl clones produced an
intracellular and extracellular activity bands that corresponded to the pi 9.5 pectate lyase
produced by Ecc strain EC 14 (Fig. 7A and B). Eh strain S-l 11 occassionally produced
another intracellular activity band with a lower pi that was also produced by the parent
strain. Eh strain S-211 consistently produced two activity bands and the second band
was produced by the parent strain also. Both E. coli strain L-643 and E. coli strain S-816
produced activity bands similar to the Eh clones but in addition many more activity bands
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were produced, a total of 11 -12. The extracellular activity bands of the two E. coli
clones appeared identical (Fig. 7B). There were 4 more activity bands in the intracellular
samples than the extracellular samples. Plasmid pDR30 mediates the production of an
exo-PL similar to the intracellular PDII of Ecc strain EC 14. In order to detect PL activity,
long incubation times for the substrate overlays were necessary because of the exo
manner of degradation. All of the pDR30 clones produced an activity band both
intracellular and extracellular that was similar to the pi 8.0 enzyme of Ecc strain EC 14
(Fig. 8). In addition to the pi 8.0 activity band, all of the pDR30 clones produced 3-4
additional activity bands intracellularly. All extracellular pDR30 samples contained these
additional activity bands, and in addition an activity band with a pi = 9.6.

Pathogenicity of pDRl and pDR30 clones
The potato tissue around control wells containing either parent strains or LB broth
was not macerated except for an occassional inoculation site (Fig. 9). Ecc strain EC 14
extensively macerated tissue beyond the inoculation wells at both 30 C and 37 C (Table 6;
maceration category 4). Among the pDRl clones significantly more tissue was macerated
at 37 C than at 30 C (Fig. 10, Table 6). Also the pDR30 clones E. coli strain L-669 and
E. coli strain S-831 macerated significantly more tissue at 37 C than at 30 C. There was
no difference in incubation temperatures for Eh strain S-231. Clones containing pDR30
did not macerate tissue beyond the edges of the inoculation wells while pDRl clones
macerated beyond the inoculation wells in some cases.

Isolation and characterization of the extracellular protease from Ecc strain EC 14
Protease activity in the extracellular fraction was separated from PL activity by
DEAE cellulose chromatography. Little protease activity was detected with the TCA
assay in the intracellular fraction compared to the activity in the extracellular fraction, and
therefore intracellular protease activity was not further purified. One major protease
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activity peak eluted in the 0.4 M NaCl gradient on the DEAE cellulose column (Fig.

).

11

The pectate lyase activity peak eluted in the void volume. The protease peak was further
purified by isoelectric focusing. The isoelectric focusing profile showed one protease
activity peak with a pi of 4.95 (Fig. 12). Also, one protease activity band was present in
the intracellular and extracellular protein fractions on a substrate overlay after PAG-IEF
(Fig. 13, lanes 2,3). The activity bands had an approximate pi of 4.90 when compared to
standard proteins (Fig. 13). E. coli strain S-101 produced an identical intracellular band
but in addition produced two more activity bands with higher pi values. Also a single
extracellular activity band was produced by E. coli strain S-101 that had a slightly higher
pi value than the protease of Ecc strain EC 14.
The molecular weight of the extracellular protease was determined to be 53,000
using Sephadex G-75. Protease activity as measured by the TCA assay was present over
a wide pH range (pH 4.5 - 10). The optimum activity was at pH 7.0 using 0.05 M
Tris-maleate buffered substrate (1% gelatin, 0.01% CaC^) (Fig. 14). In the presence of
0.1 and 1.0 mM EDTA protease activity decreased to 76 and 61% activity, respectively.
However, protease activity was not affected at 10.0 mM EDTA.
Both Ecc strain EC 14 and Ecc strain EC 1491 produced protease in the presence of
glucose with and without cAMP present (Table 7). On gelatin MS medium containing
mannitol or ribose as carbon sources Ecc strain EC 14 produced a smaller zone of clearing
in the presence of cAMP compared to media not containing cAMP. Ecc strain EC 1491
produced no protease with or without the addition of cAMP on these carbon sources.
When protease activity was measured in Ecc strain EC 14 culture supernatants it
increased over time in both LB broth and NaPPMS media (Fig. 15A). However the
amount of protease activity was at least two times greater in the NaPPMS culture from 9
to 14 hours growth compared to LB broth cultures. The rate of protease production was
greatest from

8

to 11 hours growth. The greatest protease activity (A570) per CFU/ml

was during the first 4 hours of growth. The extracellular PL activity was measured in the
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same culture supernatants (Fig. 15B). The relative amount of pectate lyase produced was
greatest in the NaPPMS medium after 7 hours growth. The amount of pectate lyase
measured in the culture supernatant decreased after 12 hours under both cultural
conditions. The exponential growth phase ended at approximately 5 hours under both
cultural conditions (Fig. 16). The final density at 14 hours of Ecc strain EC14 was 6.2 x
10^ CFU/ml and 5.3 x 10^ CFU/ml in LB broth and NaPPMS medium, respectively.

Production of the protease subclone pFS 1
The transformation frequency of E. coli strain HB101 with plasmid pBR325 was
6.82 x lO'^ transformants/recipient. Four hundred and ninety two transformant colonies
were screened for recircularization of the plasmid (growth on LB medium plus Ap and
Tc) and production of protease. Only 36 transformant colonies were sensitive to Tc (no
recircularization of plasmid) and one transformant, named E. coli strain S-101, produced
protease.
The plasmid pFSl was isolated from E. coli strain S-101 and then restricted with
BamHl and Sau3Al alone and in various combinations to determine the size of the insert
(Fig. 17) The protease insert was not cut out of the pBR325 plasmid with BamHl nor
with Sau3Al nor BamHl and Sau3Al in combination. BamHl only made one cut in
plasmid pFS 1. When plasmids pFS 1 and pBR325 restricted with BamHl were
compared, the size of the Ecc strain EC 14 DNA insert could be determined based on
migration distance in the gel of known standards (k DNA cut with Hind ID). The Ecc
strain EC 14 insert DNA was 2.5 kb in length.

Transpositional mutagenesis (Tn51 of pFSl and transformation of Ecc strain EC14
Ninety seven E. coli strain HB101 transformants were isolated and screened for
production of protease. Six transformant colonies produced no zone on PD medium, two
colonies produced a reduced zone and 5 colonies produced a large zone when compared
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to E. coli strain S-101. The plasmid pFS2 was isolated from one of the protease deficient
transformants designated E. coli strain S-102. E. coli strain S-102 was Kmr Apr Prt'.
Transformation of Ecc strain EC14 and Ecc strain EC14::Tn5 Dnase" was unsuccessful.

Protease subclones of pFSl and pCA7 in pBR322
Three protease positive transformants out of 240 were isolated from the ligation
mix of pFS 1 restricted with BamH\ and Sau3Al. These transformants were named E.
coli strain HB101 (pFS2), E. coli strain HB101 (pFS3), and E. coli strain HB101
(pFS5). E. coli strain FIB 101 (pFS2) and E. coli strain FIB 101 (pFS5) were subjected to
transpositional mutagenesis and the resultant transformants were screened for protease
production. Although several Tn5 transformants showed reduced protease activity
compared to the parent strains E. coli strain HB 101 (pFS2) and E. coli strain HB101
(pFS5), none were protease deficient.
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Table 3. Effect of temperature and medium on frequency of plasmid cure in Erwinia
carotovora subsp. carotovora strain EC 14 thr (pJB4JI) in the absence of kanamycin.

Mediumx

Temperature

% plasmid ctirg

LB

30

17

LB

37

20

LPM (125pM>y

30

4

LPMZ (125 nM)

37

21

LPM (250pM)

30

21

LPMZ (250|lM)

37

37

x LB = Luria-Bertani broth, LPM = Low phosphate liquid medium
y concentration of phosphate in LPM medium
z cultures were inoculated by liquid LB broth cultures rather than by cells picked from a
plate and transferred to liquid media by toothpick.
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Table 4. Characterization of mutants of Envinia carotovora subsp. carotovora strain
EC 14. Ecc strain EC14 mutants (n=6,637) were screened for changes in protease,
cellulase, phospholipase, DNase, and pectic enzyme activity.

Mutant

Phenotvpex

Number of mutants

FSl

Prt'

1

FS2

DNase'

1

FS3

(Prt,Pel,Cel)+-

1

FS4

U, DNase+"

1

FS5

u

1

FS6-FS17

Cel+-

12

FS18

Cel++

1

FS19-FS37

DNase++

19

x The symbol U means an uncharacterized auxotroph. Prt, DNase, Cel denote protease,
DNase, and cellulase activity, respectively. A single
activity and

sign denotes loss of enzyme

'++' denote decreased and increased enzyme activity, respectively.
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Table 5. Relative pectate lyase activity of crude extracellular and intracellular protein
fractions of pDRl clones. Pectate lyase activity was determined at A^g by the
thiobarbituric assay at pH 8.5 in the presence of 0.15 mM CaC^. Substrate and enzyme
preparations were incubated for 24 hours at 30 C.

Genus/Species
Erwinia herbicola

Strain
L-321

L-322

S-lll

S-211

Escherichia coli

L-358

S-816

Fraction

Relative Activitv (A^/jo)

intracellular

0.13

extracellular

0.02

intracellular

0.03

extracellular

0.00

intracellular

1.80

extracellular

0.03

intracellular

2.00

extracellular

1.50

intracellular

0.00

extracellular

0.00

intracellular

0.55

extracellular

0.01
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Table 6 Maceration of Russet Burbank potato tuber slices by pDRl and pDR30 clones.

Percentage of tuber slices in each
Temp. Total no. _Maceration categorva
4

Bacterial Strain

(C)

Ecc strain EC 14

30

90

0(0)

0(0)

0(0)

100(0)

37

90

0(0)

0(0)

0(0)

100(0)

30

42

69.4 (23.7)

20.8 (14.4)

8.3 (8.3)

1.4 (1.4)

37

42

8.3 (8.3)

66.6 (23.6)

25.0(15.9)

0(0)

30

51

76.1 (19.9)

23.9 (19.9)

0(0)

0(0)

37

51

21.6(13.1)

21.7(15.7)

56.7 (25.6)

0(0)

E. herbicola S-lll 30

69

87.7 (6.2)

12.2 (6.2)

0(0)

0(0)

37

69

4.4 (2.1)

43.3 (20.8)

45.5 (19.6)

6.6 (4.1)

E. herbicola S-211 30

69

85.3 (9.1)

14.7 (9.0)

0(0)

0(0)

37

69

35.5 (17.4)

42.2 (19.2)

6.7 (6.7)

30

60

82.6 (10.4)

17.4 (10.4)

0(0)

0(0)

37

60

56.9 (29.7)

41.7 (30.0)

0(0)

1.4 (1.4)

30

60

98.6(1.4)

1.4 (1.4)

0(0)

0(0)

37

60

86.4 (3.9)

13.6 (3.9)

0(0)

0(0)

E. herbicola S-231 30

78

100(0)

0(0)

0(0)

0(0)

37

78

83.3 (11.4)

16.7(11.4)

0(0)

0(0)

of wells

2

1

3

pDRl clones
E. coli L-643

E. coli S-816

12.2 (12.2)

pDR30 clones
E. coli L-669

E. coli S-831

a Maceration category: 1= no maceration, 2= maceration of the edges of the well, 3=
maceration of the edges of the well and surrounding tissue, 4= extensive maceration
beyond the well. Values in parentheses are standard errors of means.
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Table 7 Effect of Adenosine 3',5'-Cyclic Monophosphate (cAMP) on the production of
protease by Ecc strain EC 14 and Ecc strain EC 1491. Bacteria were dotted onto minimal
protease selective media containing different carbon sources and the addition or absence
of cAMP. Bacteria were incubated for 40 hours at 30 C and then overlayed with acidified
HgCl2. The plus signs indicate relative production of protease as visualized as zones of
clearing.

Carbon source1a and Dresence of cAMP
Bacterial strain

Glue

Gluc+cAMP

EC14

+++

+++

EC1491b

+++

+++

Man
+++

Man+cAMP
+

-

a Glue = Glucose, Man = Mannitol, Rib = Ribose.
b Strain EC 1491 is a cAMP deficient mutant of strain EC 14.

Rib
+++

Rib+cAMP
+

-
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Figure 1. Production of pectate lyase by pDRl (A) and pDR30 (B) clones on PEC-YA
medium plus apppropriate antibiotics. Plates were incubated at 37 C for 48 hours and
then overlayed with 2 N HC1. Clear zones in medium indicate degradation of pectin.
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Figure 2. Agarose (1%) gel electrophoresis of plasmid preparations of pDRl (A) and
pDR30 (B) clones of Erwinia herbicola (Eh) and E. coli. Plasmid pBR322 (lanes A1 and
B5), E. coli strain L-643 (lanes A3 and B7), E. coli strain S-816 (lanes A2 and B6), Eh
strain S-211 (lane A4), Eh strain S-ll 1 (lane A5), Eh strain L-322 (lanes A6 and Bl), Eh
strain L-321 (lane A7), E. coli strain L-669 (lane B4), E. coli strain S-831 (lane B3), and
Eh strain S-231 (lane B2).
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Figure 3. DEAE cellulose (DE53) column chromatography elution profile of Erwinia
herbicola strain S-l 11 intracellular protein fraction. Proteins were eluted with increasing
concentrations of NaCl in 0.05 M Tris-HCl buffer, pH 8.0. Relative pectate lyase activity
was determined by the thiobarbituric acid assay at A^g at pH 8.5 in the presence of 0.15
mM CaCl2. No polygalacturonase activity was detected at pH 6.0 in the presence of 0.05
mM EDTA by the Nelson's reducing sugar assay.
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Figure 4. DEAE cellulose (DE53) column chromatography elution profile of Erwinia
herbicola strain S-211 intracellular protein fraction. Proteins were eluted with increasing
concentrations of NaCl in 0.05 M Tris-HCl buffer, pH 8.0. Relative pectate lyase activity
(A548) was determined (A) by the thiobarbituric acid assay at pH 8.5 in the presence of
0.15 mM CaCl2. Relative polygalacturonase activity (B) was detected at A5qq at pH 6.0 in
the presence of 0.5 mM EDTA by the Nelson's reducing sugar assay.
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Figure 5. DEAE cellulose (DE53) column chromatography elution profile of Erwinia
herbicola strain S-211 extracellular protein fraction. Relative pectate lyase activity was
determined by the thiobarbituric acid assay (TBA) at A^g at pH 8.5 in the presence of
0.15 mM CaCl2. Proteins were eluted with increasing concentrations of NaCl in 0.05 M
Tris-HCl buffer, pH 8.0.
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Figure 6. Isoelectric focusing profiles of Erwinia herbicola strain S-211 extracellular
fraction peak (A) and intracellular fraction peak 1 (B) from DEAE cellulose (DE53) column
chromatography. Pectate lyase activity was determined by the thiobarbituric acid assay at
A548 at pH 8.5 in the presence of 0.15 mM CaCl2. Both peaks were similar to the pi 9.5
enzyme found on pDRl.
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Fig. 7. Pectic enzyme activity of stained overlays of extracellular and intracellular
protein fractions of pDRl clones after electrophoresis on a ultrathin layer polyacrylamide
gel. Samples were loaded at the anode end of the gel at the bottom of the photographs.
Substrate overlays were incubated for 1 hour and then stained for 20 minutes with
ruthenium red. (A) E. coli strain S-813 intracellular and extracellular (lanes 1 and 2,
respectively), and then intracellular samples: Ecc strain EC14 (lane 3), Eh strain S-l 11
(lane 4), Eh strain S-211 (lane 5), E. coli strain L-643 (lane 6). (B) Extracellular and
intracellular protein fractions, respectively, of Ecc strain EC 14 Oanes 1 and 2), E. coli
strain L-643 (lanes 3 and 4), and E. coli strain S-816 (lanes 5 and 6). The pi 9.5
activity band ran under the cathode wick and is not visible on this overlay.
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Figure 8. Pectic enzyme activity of stained overlays of extracellular (lanes 1-4) and
intracellular (lanes 5-8) protein fractions of pDR30 clones after electrophoresis on an
ultrathin polyacrylamide gel. Samples were loaded at the anode end of the gel at the
bottom of the photograph. Substrate overlays were incubated for 11 hr and then stained
for 20 min with ruthenium red. Intracellular and extracellular samples of Ecc strain EC 14
(lanes 1 and 5), E. coli strain L-669 (lanes 2 and 6), Eh strain S-231 (lanes 3 and 7), and
E. coli strain S-831 (lanes 4 and 8).
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Fig. 9. Controls for the potato slice maceration assay for pDRl and pDR30 clones. Wells
cut into Russet Burbank potato slices were inoculated with 50 pi bacterial cultures or LB
broth (labeled control). Two slices were inoculated per treatment and then one slice was
incubated at 30 C and the other at 37 C for 36 hr. After incubation, the amount of
macerated tissue was rated. One pair of slices (A) was inoculated with LB broth and Ecc
strain EC 14. The second pair of slices (B) was inoculated with LB broth and the parent
strains Eh strain L321, Eh strain L-322, E. coli strain HB101, and E. coli strain L-358.
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Fig. 10. Potato slice maceration assay for pDRl and pDR30 clones. Wells cut into Russet
Burbank potato slices were inoculated with 50 |il bacterial cultures or LB broth (labeled
control). Two slices were inoculated per treatment and then one slice was incubated at 30
C and the other at 37 C for 36 hr. After incubation, the amount of macerated tissue was
rated. One pair of slices (A) was inoculated with LB broth and the pDRl clones Eh strain
S-lll, Eh strain S-211, E. coli strain L-643, E. coli strain S-816 (labeled with the parent
strains EhL321, EhL322, E. coli L643, and E. coli L358, respectively). Another pair of
slices (B) was inoculated with LB broth and pDR30 clones E. coli strain L-669, Eh strain
S-231, E. coli strain L-358 (labeled with the parent strain E. coli strain L-669, Eh strain
L-322, and E. coli strain L-358, respectively).
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Figure 11. DEAE cellulose (DE53) column chromatography elution profile of protease
activity from Ecc strain EC14 extracellular protein fraction. Proteins were eluted with
increasing concentrations of NaCl in 0.05 M Tris-HCl buffer, pH 8.0. Relative protease
activity was determined by the HPA assay at A^^q.
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Figure 12. Isoelectric focusing profile of Ecc strain EC14 extracellular protease activity
peak from DEAE cellulose (DE53) column chromatography. Protease activity was
determined by the TCA assay at A2gQ at pH 8.0.
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Figure 13. Protease activity substrate overlay of Ecc strain EC 14 and E. coli strain S-101
intracellular and extracellular protein fractions after electrophoresis on an ultrathin layer
polyacrylamide gel. (A) Lanes 1-4 denote E. coli strain S-101 intracellular fraction, Ecc
strain EC14 intracellular and extracellular fractions, and E.coli strain S-101 extracellular
fraction, respectively. Samples were loaded at the cathode end (bottom of picture) of the
gel and protease migrated toward the anode.
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Figure 14. The optimum pH for Ecc strain EC14 extracellular protease activity. Purified
protease was incubated for 14 hr with 12 different buffered substrates (1% gelatin,
0.01%CaCl2) prepared over a range of pH. Protease activity (A2gQ) was measured with
the TCA assay.
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Figure 15. Relative extracellular protease (A) and pectate lyase (B) activity produced by
Ecc strain EC14 in culture supernatants. Ecc strain EC 14 was grown in either LB broth
or NaPPMS medium at 30 C for 1-14 hr. Samples (4 ml) were removed hourly,
centrifuged, and the protease and pectate lyase activities were measured in the
supernatants. Protease was measured with the HPA assay and pectate lyase was
measured with the TBA assay.
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Figure 16. Growth pattern of Ecc strain EC14 in LB broth and NaPPMS medium
incubated at 30 C. Growth was the absorbance at 550 nm. Each observation is the mean
of three replicates.
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Figure 17. Endonuclease restriction of plasmids pFSl, pCA7, and pBR325. (A)
Plasmids pBR325 (lanes 2 and 3), pCA7 (lanes 4 and 5), and pFSl (lanes 6 and 7)
unrestricted and restricted with BamHl respectively. Standard markers 1 kb ladder (lanes
1 and 10), X Hind III (lane 8), and X Bst E II (lane 9). (B) Lanes denote plasmids
pBR325 (lane 4) and pFSl (lane 5) digested with BamHl; pFSl digested with Sau3Al
for 30 minutes (lane 7) and 1 hour (lane 4); and pFSl digested with BamHl and Sau3Al
(lane 6). Standard markers 1 kb ladder (lanes 1 and 11), X Hind III (lanes 2 and 10), and
123 kb ladder (lane 3).

CHAPTER V
DISCUSSION

Success of genetic techniques such as transformation, molecular cloning and the
use of suicide plasmids in Ecc strain EC 14 are often hampered by an endonuclease as well
as other inherent undefined characteristics peculiar to strain EC 14 (14,38).
Transformation of Ecc strain EC 14 is especially difficult and requires lengthy chemical
procedures to render the cells competent, which leads to some success with relatively
small plasmids such as pBR322 (38). In this study when plasmid size increased
transformation of Ecc strain EC 14 was not possible. An alternative approach is the
transfer of plasmids or cosmids by a triparental mating system (2,27,56). Also the
plasmid pJB4JI that acts as a suicide plasmid in other organisms (13,80), remained fairly
stable in Ecc strain EC 14 thr and required severe growth conditions to cure the plasmid.
Detection of pectic enzyme deficient mutants in this study was complicated by the
multiplicity of pectic enzymes and the fact that many of the extracellular pectic enzymes
are produced abundantly. Therefore a specific pectic enzyme mutant created by
transpositional mutagenesis could not be detected by a reduction in zone size on PEC-YA
medium because the remaining pectolytic enzymes were produced abundantly. A
prototrophic Ecc strain EC 14 mutant that was isolated had reduced pectolytic, cellulolytic,
and proteolytic activity. Reduced activity of all three enzymes might mean that the pectic
enzymes, cellulases, and protease share a common secretion mechanism in Ecc strain
EC 14 which might be partially impaired in this mutant. It was previously shown that a
secretion mutant of Ecc strain 153 retained PL, PG, and cellulase in the periplasm
suggesting that these enzymes share a common secretion mechanism (19). However,
protease was not measured in this study (19). In Ech, protease has a seperate secretion
mechanism from PL, PG and cellulase all of which share the same secretion mechanism
(3,6).
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Since protease and DNase deficient mutants were isolated after transposon
mutagenesis, it appears that these extracellular enzymes are not produced as multiple
isozymes. Even after long incubations on detection medium, zones were not evident
which also indicates that these mutants were not secretion mutants. In addition, no
protease activity was measured in extracellular and intracellular extracts of Ecc strain
EC 14 prt.
Since little work has been done on cellulase activity in Ecc, the types and number
of cellulases produced intracellularly and extracellularly is unknown. The reduced
cellulase activity of the 12 Tn5 mutants isolated in this study may be due to a mutation in
one of two, or several cellulase structural genes. A reduced amount of cellulase produced
by a Tn5 mutation may be visible by a reduced zone size on CD medium compared to the
wild-type organism. However, equating a reduced zone size with a mutation in a
cellulase structural gene is only speculation. Little is known about the cellulases of Ecc.
One study dealing with Ech strain 3665 showed that 2 extracellular
carboxymethyl-cellulases are produced (16).
In this study, three major pectolytic activity bands and four to five minor activity
bands were produced by Ecc strain EC 14 intracellular and extracellular fractions on
substrate overlays after PAG-IEF. The three major pectolytic activity bands and two
additional activity bands migrated in the alkali region of the gel. The pectolytic substrate
overlays used in this study were not specific for a particular class of enzymes and
therefore could detect both PL and PG activity as well as endo and exo type enzymes.
Previously Stack, et al (78) described two extracellular pectic enzyme activities of Ecc
strain EC14 thr, an endo-PL and endo-PG and four intracellular pectate depolymerases.
Three of the intracellular enzymes were PLs, two of which also had PG activity while
the third enzyme was an oligogalacturonide lyase. Roberts et al (75) separated the Ecc
strain ECH pi 9.5 endo-PL and endo-PG by molecular cloning and in addition, detected
three intracellular polygalacturonases in Ecc strain ECH and an extracellular endo-like PL
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(pi 7.5) mediated by a cloned DNA fragment of EC14. Ried and Collmer (72) used
substrate overlays to examine the extracellular profiles of 3 strains of Ecc and found that
each strain produced 3 major enzymes with approximate pis of 9.0, 10.0 and 10.3.
Using similar techniques Willis, et al (98) described the extracellular pectolytic profile of
Ecc strain 71 that contained 3 PLs, exo-PG, and endo-PG. Polyacrylamide gel
isoelectric focusing and the detection of enzymes with substrate overlays is considered a
more sensitive method for the detection of pectic enzymes than is column chromatography
and IEF coupled with enzyme assays (71). Whether the additional pectolytic activity
bands seen in this study were indeed undescribed enzymes or IEF artifacts would require
additional study with substrate overlays that were specific for particular enzymes.
However, it would seem from other studies (72,98) that Ecc produces a wide range of
extracellular pectolytic enzymes. The inability to detect any pectolytic extracellular
mutants following transpositional mutagenesis would also suggest the production of
numerous extracellular enzymes in Ecc strain EC 14.
The hybrid plasmid pDRl directs the production of the pi 9.5 pectate lyase from
Ecc strain EC 14. This isolated enzyme macerates potato tuber slices (75). Although E.
coli strain L-643 did not cause as extensive maceration as Ecc strain EC 14, it did
macerate the tissue around the inoculation wells in a percentage of potato slices at both 30
C and 37 C. All of the pDRl clones macerated some potato slices at both 30 and 37 C.
There was significantly more maceration at 37 C than 30 C. The ability of pDRl clones
to macerate a greater percentage of potato slices at 37 C could be due to the fact that 37 C
is the optimum temperature for growth for E. coli. This would not explain the increased
percentage of maceration at 37 C of the Eh clones since they have a temperature optimum
of 28 C. Perhaps the PL enzyme is more active at 37 C under the conditions used in the
assay. Also, there was no significant difference in the percentage of potato slices that
were macerated between different bacterial strains harboring pDRl. Plasmid pDR30
mediates the production of an exo-PL and an endo-PG. Clones containing pDR30 did not
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significantly macerate potato tuber slices.
The intracellular protein extracts of Eh strain S-211 resolved two peaks with lyase
activity and the extracellular extract resolved one peak. The second intracellular peak also
had PG activity. Eh strain S-111 produced two similar lyase peaks intracellularly without
any PG activity. The extracellular fraction of Eh strain S-l 11 had only slight activity and
was not applied to a cellulose column. The extracellular activity peak of Eh strain S-211
and intracellular peak 1 were subjected to EEF. Both activities resolved a single lyase
activity peak with a pi of approximately 10.0. In a study by Roberts, et al (75) E. coli
strain L-643 harboring pDRl produced 1 major lyase activity peak and 3 minor peaks
intracellularly that eluted in the void volume, 0.05 M, 0.1 M and 0.3 M NaCl gradients.
Similar peaks were resolved in the extracellular fraction although peaks 1 and 2 were
major peaks and the other two were minor. None of the activity peaks had PG activity.
The major peaks were purified by IEF. Two PLs (pi 9.5,7.5) were produced
extracellularly and one PL (pi 9.5) was produced intracellularly. The intra and
extracellular pi 9.5 enzymes were similar in characteristics. The pi 7.5 enzyme has not
been described in Ecc strain EC 14 and this isolated enzyme did not macerate potato tissue.
This difference in enzyme activity among bacteria harboring the same hybrid plasmid was
also seen on substrate overlays after PAG-IEF. E. coli strains HB101 and L-358
harboring either plasmids pDRl or pDR30 produced identical patterns of enzyme activity
for each plasmid. The pi 9.5 enzyme band was present in strains harboring pDRl as well
as 10 other activities both intracellularly and extracellularly. The Eh strains also produced
a pi 9.5 activity band both intracellularly and extracellularly. In addition another activity
band with a lower pi was consistently produced by Eh strain S-211 and occassionally
produced by Eh strain S-l 11. The parent strains Eh strains L-321 and L-322 produced
this second pectolytic enzyme band although pectolytic activity was never detected on
PEC-YA medium. The PG activity seen in the second intracellular peak of Eh strain
S-211 might be due to a PG enzyme produced by the parent strain or may represent an Eh
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lyase enzyme with a broader pH range. The ability of Eh strains harboring pDRl to
produce a single extracellular lyase enzyme from the cloned Ecc strain ECU insert did not
give these organisms an advantage in the maceration assay over the E. coli strains, which
in addition
to the production of the pi 9.5 enzyme, also produced many aberrant pectolytic activities.
There was no significant difference in the percentage of macerated potato slices among
pDRl clones. Strains harboring pDR30 which mediates the production of an exo-PL and
an endo-PG did not produce a significant percentage of macerated potato slices. These
results agree with Roberts, et al (74) who found that E. coli strain L-669 did not macerate
potato tuber slices.
Some of the aberrant pectolytic activities seen on substrate overlays may be
artifacts due to high resolution IEF (31). Multiple banding on substrate overlays has been
reported for Echr cloned pectolytic genes (23). However since differences among Eh and
E. coli pDRl clones are also evident after column chromatography and IEF
characterization it is more likely that E. coli modifies the enzymes mediated by pDRl.
The difference in the number of activity bands among different bacterial strains harboring
the same hybrid plasmid may be due to pre or post translational modifications of the
cloned genes.
The extracellular protease described in this study is similar to the protease
previously reported by Mount, et al (60) in that both enzymes eluted in the 0.4 M NaCl
gradient. An extracellular protease described by Tseng and Mount (91) that eluted in the
0.05 M NaCl gradient and had a pi of 8.3 was not found in this study after column
chromatography or PAG-IEF and substrate overlays. Although in this study, an
overnight culture of Ecc strain EC14 had only slight protease activity in the intracellular
fraction compared to the extracellular fraction, the pi 8.3 protease isolated by Tseng, et al
(91) may be an intracellular protease released after lysis of cells due to prolonged
culturing (14 hours). Under the prolonged cultural conditions the extracellular pi 4.9
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enzyme may have been inactivated.
The amount of extracellular protease produced by Ecc strain ECU is greater in
NaPPMS medium rather than LB medium. The addition of gelatin (0.5%) to LB medium
did not increase the amount of protease produced. The commercial NaPP may have
contained some protein or protein component not found in LB medium or in Difco gelatin
that induced the production of extracellular protease by Ecc strain ECU.
While low levels of EDTA (0.1 mM, 1.0 mM) reduced protease activity a higher
concentration (10 mM) had no effect. It is unclear why the 10.0 mM EDTA concentration
had no effect on protease activity. However, given its structure, EDTA might interfere in
the TCA assay in that EDTA may produce an absorbance at 280 nm. At the 10 mM
EDTA concentration the absorbance at 280 nm might be due in part to the EDTA. Before
drawing any conclusions about the effect of EDTA on protease activity, the experiment
should be repeated using the HPA assay. At the two lower EDTA concentrations it would
appear that EDTA does effect protease activity.
The production of pectolytic enzymes by Ecc strain ECU was found to be cAMP
dependent by Mount, et al (61) using a cAMP deficient mutant Ecc strain EC 1491. If
protease production were under the control of cAMP one would expect no zone produced
by Ecc strain EC1491 on protease selective medium unless cAMP were supplemented. In
this study, the wild type and the cAMP deficient mutant produced protease on glucose
supplemented medium with and without cAMP. Because protease was produced by Ecc
strain EC 1491 on glucose supplemented medium in the absence of cAMP, protease
production in Ecc strain ECU is probably not under cAMP control. Cyclic AMP seems
to reduce protease production in the wild type organism in the presence of mannitol or
ribose, and no protease is produced by Ecc strain EC 1491 in the presence of mannitol or
ribose with or without cAMP.
There was no significant difference in pathogenicity at a probability above 0.50,
between Ecc strain ECU and a protease deficient mutant when pathogenicity was
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measured as the weight of macerated tissue on potato tuber slices. Larger sample sizes
and better control of experimental conditions might possibly allow finer discrimination
among differences of this magnitude. However, maceration is not the only measure of
pathogenicity, and a maceration assay may not be appropriate to ascertain the involvement
of protease in soft rot pathogenesis. In a previous report (60) isolated Ecc strain EC 14
protease did not macerate or kill potato tuber tissue. The protease isolated by Tseng, et al
(91), burst cucumber protoplasts and killed some cells in cucumber tissue without
maceration, but had no effect on potato tissue. Proteins are major components of plant
cells and comprise 5 - 10% of the primary cell walls of dicots (74) and 35 to 40% of the
plant cell membrane (64). Although protease may not be involved in maceration of potato
tissue, it may perform other functions in pathogenesis, given the importance of protein in
plant tissue and the abundance of extracellular protease produced by Ecc strain EC 14.

APPENDIX
MEDIA

Enzyme Detection Media
1. Pectate lyase detection medium (PEC-YA) (79)
To 100 ml cold distilled water add slowly while stirring:
1.0 g polygalacturonic acid (Pfaltz-Bauer)
1.0 g yeast extract
1.0 ml bromothymol blue solution (0.1%)
1.5 g Bacto agar.
Mix and heat to boiling. Adjust the pH to 7.8 with NaOH. Autoclave and pour
after medium cools to 50 C. After bacteria have grown on the medium (72 hours
for Ecc) flood with 2N HC1. Zones of clearing around colonies indicated
production of PL.
2. Polygalacturonase detection medium (PGM) (500 ml)
To 300 ml boiling distilled water add:
5.0 g yeast extract
0.5 g Casamino acids
0.5 ml Bromocresol purple solution (1.5%)
1.5 g Bacto agar.
Mix in a blender at high speed for 15 seconds. Slowly add 15 g sodium
polypectate and 200 ml boiling water and mix slowly. Adjust pH to 5.8 with
NaOH. Autoclave and pour immediately. Bacterial colonies that produce PG
form pits around the colony.
3. Protease detection (PD) medium (35)
To Difco nutrient agar (pH 6) add 0.4 % gelatin (Knox). Autoclave and then add
thiamine to a final concentration of 0.0005 mg/ml. After the bacteria hnve grown
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for 36 - 48 hours on the medium flood the plates with acidified mercuric chloride
(80 ml distilled water, 16 ml HC1 (cone.), and 12 g HgCl2). Bacteria that produce
extracellular protease form a large clear zone around the colony.
4. Cellulase detection (CD) medium / 100 ml (3)
Prepare two seperate flasks as follows:
Add 1.5 g Bacto agar in 43.5 ml distilled water.
Slowly add 0.5 g Carboxy-methyl-cellulose (CMC) to 43 ml distilled water.
Stir and heat until the CMC is in solution.
Autoclave seperately, mix together and then add the following:
2.5 ml glycerol (20 %)
10.0 ml M9 salts, 10X
1.0 ml 0.01 M CaCl2
1.0 ml thiamine (0.0005 g/ml)
1.0 ml proline (2 %)
2.0 ml leucine (1 %)
1.0 ml MgS04 (ImM)
After the bacteria have grown, flood plates with an aqueous Congo Red solution
(lmg/ml). Light zones indicate cellulase production.
Preparation of 500 ml of a 1 OX M9 Salts solution:
30 g Na2HP04
15 g KH2P04
2.5 g NaCl
5.0 g NH4C1
5. Phospholipase detection (PP) medium
Prepare nutrient agar plates containing thiamine (0.0005 mg/ml). After the
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nutrient agar has solidified overlay with a lecithin overlay prepared as follows:100 ml distilled water
0.6 g Bacto agar
1.0 ml liquid emulsified lecithin (Natural Lecithin Granules, Synergy Plus,
Union, NJ)
Autoclave overlay agar and then adjust the pH to 8.5 by adding 4 ml filter
sterilized 1 N NaOH. A white zone appears around Ecc strain EC 14 after 24
hours incubation.
6. D Nase detection medium (Difco, BBL)
Prepare D Nase Test Agar as described. After 3 days incubation flood plates with
1 N HC1. Positive colonies show a clear zone around colonies.

General Media
1. Luria-Bertani (LB) agar medium (1 Liter) (57)
To 1 liter of distilled water add:
10 g tryptone (Bacto)
5 g yeast extract
10 g NaCl
15 g Bacto agar
2. LB broth
Prepared as LB agar medium without the addition of agar.
3. Yeast-Tryptone (YT) agar medium (1 Liter)
To 1 liter of distilled water add:
8 g tryptone (Bacto)
5 g yeast extract (Bacto)
5 g NaCl
15 g Bacto agar
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4. Sodium polypectate minimal salts (NaPPMS) medium (100 ml) (78)
0.5 g NaPP (Ral Tech Scientific Services, Inc., Madison, Wisconsin)
1.5 g Agar (Bacto)
10 ml sterile Minimal salts (MS) stock solution (1.5% KH2PO4,7.15%
NaH2P04, 3% (NH4)2S04).
1 ml sterile MgS04 stock solution (2% MgS04.7H20)
Add slowly while stirring 0.5 g NaPP to 45 ml distilled water. In a seperate flask
add 1.5 g agar. After autoclaving combine the contents of the flasks and add
sterile MS and MgCl2 solutions.
5. Glucose Minimal Salts (GMS) medium (100 ml)
2.5 ml glucose (20% filter sterilized solution)
10.0 ml sterile MS stock solution (prepared as above)
1.0 ml sterile MgS04 stock solution (prepared as above)
1.5 g Bacto agar
Add the agar to 86.5 ml distilled water, autoclave and then add the remaining
ingredients.
7. PEC-YA broth
Prepared as PEC-YA medium except no agar is used and 0.6% NaPP is added in
place of 1% polygalacturonic acid.
. Yeast Maltose (YM) broth (1 Liter)

6

10.0

g tryptone

2.5 g NaCl
0.1 g yeast extract

After autoclaving add 10.0 ml maltose solution (20% filter sterilized solution)
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